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ADVERTISEMENT I. 


== R T of the en line Dif. 

2 courſe about Light te 
-written at the The of 
ſows Gentlemen of the Royal S0. 
aety, in the Tear 1675;. and 
then ſent to their Secretary; au 
read. at their Meetings, and the 
reſt was added about twelve Tears 
after to complete the Theory ; ex. 
"a the third Book, and the laſt 
Propoſition of the Second, ue 872 N 
were ſince 2 together out of 
ſcatter d = To avoid be- 
ng engaged in e es about 
_ theſe 
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b oſ Matters, I have hitherto de. N'” 
layed the 5 , and ſboulil 
tan have delayed it, had not the . 
= Jmportuntty of Friends prevailed II 
mon me. If any other Papers II. 
writ on this Subject are got out E 
of my Hands they are unperfet, 
and were perhaps written before 
1 had tried all the Experiments 
Here ſet down, and fully ſatisfi- 
ed my ſelf about the Laws of Ke. 
fractions and Compoſition of (H. 
tours. I haue es Hhubliſh d what 
I think proper to come abroad, 
wiſhing that it may not be tranſl: 
ted into another Language with. . 
bout my Conſent. _ nl 
The.Crowns of Colours, which 4 
Sometimes appear about the Sur «4 
and Moon, I have endeavoured I. ſon 
t ue an Account of ; but for. 
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Advertiſement. 
want of ſufficient Obſervations 
leade that Matter to be farther 
examined. The Subject of the 
Third Book I have alſo left im- 
perfect, not having tried all the 
Experiments which I intended 
when I was about theſe Matters, 
nor repeated fome of thoſe which 
I did try, until I bad ſatisfied 
my ſelf about all their Circum- 
ſtances. To communicate what: 
Have tried, and leave the reſt 
to others for farther Enquiry, 
ts all my Deſign in publiſhing 
r aa os, 
Ina Leiter uritten to Mr. Leib- 
nitz in the Tear 1679, and pub. 
lied by Dr. Wallis, Imentiond 
a Method by which I had found 
ſome general Theorems about 
ſquarmg Curvilinear Figures, 
: MIC. 
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Advertiſement. 
or comparing them with the Co. 
nic Sections, or other the ſimpleſt | 
Figures with which they may he 

compared. And ſom Tears az 

T lent out a Manuſeript contain. 
ing ſuch Theorems, and having fr 
ſince met with fome J. hings cohi. 5 
ed out of it, I have on this Occa- , 
fron made it publick, preſixing to 
it an Introduction, and firbjoin- 
ing a Schohum concerning that 

Method. And I hade joined with 

it another ſmall Tra& concerning 
the Curvilineur Figures of the 
Second Kind, which was allo 
written many Tears ago, and 

4 made known to ſome Friends, 

mah have ſolicited the making it 

publick. Ca 
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' YN this Second Edition of 


7a kl theſe Opticks I have o. 
EW mitted the Mathematical 
[rats publifhd at the End of 
the former Edition, as not be- 
longing to the Subject. And at 

the Eud of the Third Book I 
have added ſome Queſtions. And 
to ſbem that I do not take Gra 


uty for an Eſſential Property of 


Bodies, I hade added one Due- 
fron concerning its Cauſe, chu. 
ſing to propoſe it by way of a © 
Jueſtion, becauſe * am not yet 


tigte about it for want of 


Experiments. 
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read ſeven and 4 half. 1b. In. 8. 
for 21, 28 or 35, read 22 


Ib. lin. 12. for 70, 140, 210. read 76, 152, 228. Pag. 366. 
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PART I. 


plain the Properties of Light by Hy- 
<< them by Reaſon and Experiments: In 
nder to which I ſhall premiſe the following 
hefnitions and Axioms. TL III 
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8 * V Deſign in this Bock 18 not to ex- 


potheles, but to propole n prove 
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Di the Rays of Light I underſtand its leaſf 
Same lines as Contemporary in ſeveral lines. 
both Succeſſive and Contemporary; becauſe in 


one moment, and let paſs that which comes pre 
ſently after; and in the ſame time you ma; 


other. For that part of Light which is ſtopt 
cannot be the ſame with that which is let pats 
Ihe leaſt Light or part of Light, which ma 


Medium into another. Anda greater or leſs R- 
Frangibility of Rays, is their Diſpoſition 704 
turned more or leſs out of their Way in like 11 


illuminated, and the refraction of thoſe Rays 
be the bending or breaking of thoſe lincs 


WTR ES TITS: - 
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A 


Parts, and thoſe as well Succeſſrve in the 
For it is manifeſt that Light conſiſts of parts 


the ſame place you may ſtop that which comes 


{top it in any one place, and let it paſs in an 


be ſtopt alone without the reſt of the Light, off 
propogated alone, or do or ſuffer any thing alone 

which the reſt of the Light doth not or ſuffer 
not, I call a Ray of Light. 


DEFIN. II. 


Nes angibiliey of the Rays of Light, in h. 
Diſpoſition to be refracted or turned out of thei 
Way in paſſing out of one tranſparent Body 0 


cidences on the ſame Medium. Mathematicis! 
uſually conſider the Rays of Light to be Ling 
reaching from the luminous Body to the Bot 


thi 


4 


4.» 


Wicir paſſing out of one Medium into another. 


ered, if Light be propagated in an inſtant. 
but by an Argument taken from the qua- 


me, ſpending in its paſſage from the Sun to us 
bout ſeven Minutes of time: And therefore ! 
ave choſen to define Rays and Refractions in 
ch general terms as may agree to Light in both 


me DEFIN. III. 

nol ©efexibility of Rays, is their Diſpoſition tobe 
% ectedor turned back into the ſame Medium from 

FB other Medium upon whoſe Surface they fall. 

F p hd Rays are more or leſs reflexible, whach are 

ond ned hack more or leſs eaſily. As if Light 


als and Air, begins at length to be totally re- 
ted by that Surface; thoſe ſorts of Rays 
ich at like Incidences are reflected moſt co- 


nd thus may Rays and Refractions be conſi- 


ons of the times of the Eclipſes of Jupiter's 
ltellztes it ſeems that Light is propagated in 


Is out of Glaſs into Air, and by being inclined 
te and more to the common Surface of the 


33 DRE. 


141 
ys DEFIN. v. 
The Angle of Reflection or Refrattion, is thy 


Angle which the line deſtribed by the reflecte. 
or refracted Ray containeth with the Perpendi 
cular to the reflecting or refratting Surface 4 
the Point of Incidence. 


DEFIN. VI. 


The Simes of Incidence, Reflexion, and Refrs 
tion, are the Sines of the Angles of Incidenc 
Reflexion, and Refrattion. 
. DEFIN. VII. 

The Light whoſe Rays are all alike Refran 
gible, I call Simple, Homogeneal and $imiliar 
aud that whoſe Rays are ſome more Refrangibh 
than others, I call compound, Heterogenal at 


Diſſimilar. The former Light I call Homoge 
neal, not becauſe I would affirm it fo in all r dy; 
ſpects: but becauſe the Rays which agree in Rio 
frangibility, agree at leaſt in all thoſe their och the 
Properties which I conſider in the follown} = 
| Diſcourſe. e 5 
DEFIN. VIII. vers 


The Colours of Homogeneal Lights, I call N frat 
mary, Homogeneal and Simple; and thoſe ' 
Heterogeneal Lights, Heterogeneal and Cl V 
found. For theſe are always compounded Mone 
the colours of Homogeneal Lights; as will ain a 
pear in the following Diſcourſe. tio 
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Kin 


AXIOMS. 


7 th $644; AX. 1. Ws 
"oy THE Angles of Reflexion, and Refrattion, 
endi 


lie in one and the ſame Plane with the 
% ige of Incidence. e 


An wh 
| The Angle of Reflexion is equal to the Angle 
54 of Baie. 255 e Cs 


" Sn op 1 55 

If the Refracted Ray be returned directly 
back to the Point of Incidence, it ſhall be re- 
frafed into the Line before deſtribed by the in- 


1a cident Ray, 

21 all | A X. IV. | | 

moge Refraction out of the rarer Medium intothe 
all r denſer, ic made towards the Perpendicular, that 
n Refs, / that the Angle of Refraction be leſs than 
on the Angle of e 2h 8 
OWN 5 


N 


The Sine of Incidence is either accurately or 
very nearly in a given Ratio to the Sine of Re- 


IJ Pri 
ofe 0 
Con 
ded 0 


fraction. 


me Inclination of the incident Ray, tis known 


elt i all the Inclinations, and thereby the Refra- 
on in all caſes of Incidence on the ſame refra- 

ting Body may be determined. 'Thus if the 
„ Refra- 


Od 


Whence if that Proportion be known in any 
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the difference is ſa little that it need ſeldom belff bei. 
conſidered. 5 


in the Air from A in the Line AC is reflected or 
refracted, and | would know whither this Ra 


upon the Surface of the Water from the point 
Axiom, that the Ray after Reflexion and Re 


fall therefore upon the Perpendicular CP the 


Ray be deſired, I produce AD to B ſo that 
DB be equal to AD, and draw CB. For this 


of Reflexion BCP and its Sine BD being e 


fo that DH may be to AD as the Sine of Re 


Light be red) as 3 to 4; and about the Cente 
O and in the Plane ACP with the Radius C. 
deſeribing a Circle AB EI draw Parallel to thi 


Refraction be made out of Air into Water, the ir 


dine of Incidence of the red Light is to the Sine CE 


of its Retraction as 4 to 3. If out of Air into Glaſs or 
the vines are as 17 to 11. In Light of other Lin 
Colours the vines have other Proportions: but frac 


_ Snppoſe therefore, that RS J in F. 79 I.] repre- 
ſents the Surface of ſtagnating Water, and that 
is the point of Incidence in which any Ray coming 


ſhall go after Reflexion or Refraction: I eredt 


of Incidence the Perpendicular CP and produce 
it downwards to Q, and conclude by the firſt 


fraction, ſhall be found ſomewhere in the Plane 
of the Angle of Incidence ACP produced. 1letf 


Sine of Incidence AD; and if the reflected 


Line CB ſhall be the reflected Ray; the Angle 


qual to the Angle and Sine of Incidence, as the 
ought to be by the ſecond Axiom. But if thi 


retracted Ray be deſired, I produce AD to 


ſraction to the Sine of Incidence, that is (if th 


Perpendicular CPQ, the Line HE Frting ur | 


laſs, 


ther 
but 
n be 


pre- 


duce 
> fir{ 
Re 
Plane 


Het 


2 the 


ecied 


> that 
r this 


Angle 
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Circumference in E, and joyning CE, this Line 
SCE ſhall be the Line of the refracted Ray. 
For if EF be let fall perpendicularly on the 
Line PQ, this Line EF ſhall be the Sine of Re- 
fraction of the Ray CE, the Angle of Refraction 
being EC; and this Sine EF is equal to DH, 
and conſequently in Proportion to the Sine of 
Incidence A D as 3 to 4. 


in like manner, if there be a Priſm of Glaſs 
(that is a Glaſs bounded with two Equal and 
parallel Triangular ends, and three plain and 


well poliſhed Sides, which meet in three Parallel 


Lines running from the three Angles of one 
end to the three Angles of the other end) and 
if the Refraction of the 5 in paſſing croſs this 
Priſm be defired : Let AC Bin Fig. 2.] repreſent 
Plane cutting this Priſm tranſverſly to its three 
Parallel lines or edges there where the Light 
paſſeth through it, and let D E be the Ray inci- 
dent upon the firſt fide of the Priſm A C Where 
the Light goes into the Glaſs; and by putting 
the Proportion of the Sine of Incidence to the 
dine of Refraction as 17 to 11 find EF the 
irſt refracted Ray. Then taking this Ray for the 
Incident Ray upon the ſecond ſide of the Glaſs 
BC where the Light goes out, find the next 
retracted Ray F G by putting the Proportion 
of the Sine of Incidence to the Sine of Re- 
fraction as 11 to 17. For if the Sine of Inci- 
dence out of Air into Glaſs be to the Sine of 
Refraction as 17 to 11, the Sine of Incidence out 
of Glaſs into Air muſt on the contrary be to the 
dine of Refraction as 11 to 17, by the third 
Axiom. my EOF 
.B-4 Fig. 3. 
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e 
- Much after the ſame manner, if AC BD [ja be 
Fig. 3. ] repreſent a Glaſs ſpherically Convex on IN 
both ſides (uſually called a Leus, ſuch as is a Burn- ( 
ing-glaſs, or Spectacle-glaſs, or an Obje&-glaſs of Nef 

a Teleſcope) and it be required to know how Ra. 
Light falling upon it from any lucid, point Q An 
ſhall be retracted, let QM repreſent a Ray £0 ! 
falling upon any point M of its firſt ſpherical I be 
Surface A CB, and by erecting a Perpendicular I be 
to the Glaſs at the point M, find the- firſt re- £ QC 
fracted Ray MN by the Proportion of the hne 
Sines 17 to 11. Let that Ray in going out of f 
the Glaſs be incident upon N, and then find . 
the ſecond refracted Ray N by the Proporti- Sur 
on of the Sines 11 to 17. And after the ſame ¶ ec 
manner may the Refraction be found when the Nane 
Lens is Convex on one fide and Plane or Con- pol 


cave on the other, or Concave on both ſides. ö 
„ YT % WED 
Homogeneal Rays which flow from ſeveral Nes 

Points of any Object, and fall perpendiculariyor N. 

almoſt perpenaicularly on any reflecting or refr act- dn 

1 ing Plane or ſpherical Surface, ſhall afterwaras any 
1 diverge from ſo many other Points, or be Parallel ak 
b to ſo many other Lines, or converge to ſo many other Mer 
1 Points, either accurately or without any ſenſible the 


Error. And the ſame thing will happen, if the Ira 
Rays be reflected or refraffed ſucceſſively by two 
or three or more Plane or Spherical Surfaces. 
The Point from which Rays diverge or to 
which they converge may be called their Focus. 
And the Focus of the incident Rays being g!- 
ven, that of the reflected or retracted ones 15 


\ 
| 
0 5 


| 4 
wy x , ' 
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be found by finding the Refraction of any two 
Rays, as above; or more readily thus. 
Caf. 1. Let AC B lin Fig. 4. ] be a reflecting or 
tefracting Plane; and Q the Focus of the incident 
Rays, and Q C a perpendicular to that Plane. 
And if this perpendicular be produced to 3. 
ſo that 4 C be equal to QC, the point 4, ſhall 
be the Focus of the reflected Rays. Or if 4 G 
be taken on the ſame fide of the Plane with 
QC and in Proportion to QC as the Sine of 
Incidence to the Sine of Refraction, the point 
1 ſhall be the Focus of the refracted Rays. 
Caſ.2. Let ACB [in Fig. 5.] be the reflecting 
Surface of any Sphere whoſe Center is E. Bi- 
ſect any Radius thereof (ſuppoſe EC) in T, 
and if in that Radius on the ſame {ide the 
oint I you take the Points Q and 3, ſq that 
Q. TE, and T' 4, be continual Proportionals, 
and the point Q © the Focus of the incident 
Rays, the point 9 ſhall be the Focus of the re- 
— K 1 ined; abi. 
Cafe z. Let ACB [in Fig. 6.] be the refracting 
Surface of any Sphere whoſe Center is E. In 
any Radius thereof EC produced both ways 
take ET and Cf equal to one another and * 
rerally in ſuch Proportion to that Radius as 
the leſſer of the Sines of Incidence and Re- 
fraction hath to the difference of thoſe Sines. 
And then if in the fame Line you find any two 
Points Q and 9, ſo that TO be to ET as Er 
0 F 4, taking 74 the contrary way from? which 
TQ lieth from T, and if the Point Q be the 
Focus of any incident Rays, the Point 7 ſhall be 
ne Focus of the refracted ones. on - 


* 

+ * © 
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ing or refracting Surfaces be found when the 


flexion or Refraction flow from or towards the 


1 


And by the ſame means the Focus of the ll p, 
Rays after two or more Reflexions or Refrac- W th 
don may de fene. 


CA. Let ACB D lin Fig. 7.] be any refrad. f. 


ing Lens, {pherically Convex or Concave or fo 


Plane on either fide, and let CD be its Axis ll eg 
(that is the Line which cuts both its Surfaces I Pe 


perpendicularly, and paſſes through the Centers I Pc 
of the Spheres,) and in this Axis produced let Wl of 


Fand / be the Foci of the refracted Rays found as N wi 
above, when the incident Rays on both ſides the ¶ fre 


Lens are Parallel to the ſame Axis; and upon the I th 
Diameter F F biſected in E, deſcribe a Circle. ine 


Suppole now that any Point Q be the Focus of I flc 


any incident Rays. Draw QE cutting the ſaid I thi 
Circle in I' and t, and therein take # 9 in ſuch N jd 
Proportion to r E as £ E or TE hath to TO. 
Let t q lye the eee, way from t which T 

doth from T, and 31 


all be the Focus of the 
refracted Rays without any ſenſible Error, pro- Þ, 


vided the Point Q be not ſo remote from the p, 


Axis, nor the Lens ſo broad as to make any of I zy 
the Rays fall too obliquely on the refracting Wl ; 
— ß OUT C1 ORAL 

And by the like Operations may the reflect- 


two Foci are given, and thereby a Lens be form- ¶ oy 


ed, which ſhall make the Rays flow towards or int 
from What place you pleaſe. i 1085 


So then the meaning of this Axiom is, that tha 


if Rays fall upon any Plane or Spherical Surface ¶ gai 


* 


or Lens, and before their Incidence flow from 
or towards any Point Q, they ſhall after Re- 


Poin 


[ IT 1 


Point 3 found by the foregoing Rules. And if 
the incident Rays flow from or towards ſeveral 
points Q, the reflected or refracted Rays ſhall 
flow from or towards ſo many other Points 
found by the ſame Rules. Whether the refle&- 
ed and refracted Rays flow from or towards the 
Point 4 is eaſily known by the ſituation of that 
Point. For if that Point be on the ſame fide 
of the reflecting or refracting Surface or Lens 
with the Point Q, and the incident Rays flow 
from the Point Q, the reflected flow towards 
the Point and the refracted from it; and if the 
incident Rays flow towards Q, the reflected 
flow from 4, and the refracted towards it. And 
the contrary happens when 4 is on the other 


* 


lide of that Surface. 
V 
Wherever the Rays which come from all the 
Points of any Object meer again in ſo many 
Points after they have been made to converge 
by Reflexion or Refraction, there they will make 
a Picture of the Object upon any white Body 
on which they fall. I ES TORY 


So if PR [in Fig. 3.]repreſent any Object with- 
out Doors, and AB be a Lens placed at a hole 
inthe Window-ſhut of a dark Chamber, where- 
by the Rays that come from any Point Q of 
that Object are made to converge and mcet a- 
gain in the Point 3; and if a Sheet of white Pa- 
per-be held at 9 for the Light there to fall up- 
on it: the Picture of that Object PR will ap- 
bear upon the Paper in its proper ſhape = Co- 
lk | — ours 
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lours. For as the Light which comes from the 
Point Qgoes to the Point 4, ſo the Light which I ! 

comes from other Points P and R of the Object, ¶ pic 

will go to ſo many other correſpondent Points Ill ©; 


5 and (as is manifeſt by the ſixth Axiom; ) fo 70 
that every Point of the Object ſhall illuminate a I ode 


_ correſpondent Point of the Picture, and there- 1 7, 
by make a Picture like the Object in Shape and I fa 
Colour, this only excepted that the Picture fr 
hall be inverted. And this is the reaſon of that 
vulgar Experiment of caſting the Species of Ob- 'Þ 
jects from abroad upon a Wall or Sheet of white 
nee e 
In like manner, When a Man views any Object I ne 
PR, [in F2g.8.] the Light which comes from ¶ fu 
the ſeveral Points of the Object is ſo refracted in 
by the tranſparent skins and humours of the I ee 


| Eye, (that is by the outward coat EFG called pl 
1 the Tunica Cornea, and by the cryſtalline hu- er 
i mour AB which is beyond the Pupil * as to Il v. 
\ converge and meet again at ſo many Points in ſl be 
? the bottom of the Eye, and there to paint the 91 
f Picture of the Object upon that skin (called the I in 
1 Tunica Retina) with which the bottom of the I F 
l Eye is covered. For Anatomiſts when they have I f 
; taken off from the bottom of the Eye that out- I 
a ward and moſt thick Coat called the Dura Ma- p 
ö ter, can then ſee through the thinner Coats, N c 
. the Pictures of Objects lively painted there- ( 
| on. And theſe Pictures propagated by Mo- p 
1 tion along the Fibres of the Optick Nerves in- g 
to the Brain, are the cauſe of Viſion. For ac- I n 
'W cordingly as theſe Pictures are perfect or im- 0 
ö perfect, the Object is ſeen perfectly or imperfett- Y » 


ly 


= 10} 


d ly. If the Eye be tinged with any colour (as in 
5 the Diſeaſe of the Jaundiſe ſo as to tinge the 


pictures in the bottom of the Eye with that 


ts Colour, then all Objects appear tinged with the 
o ſame Colour. If the humours of the Eye by 
da old Age decay, ſo as by ſhrinking to make the 
* 


flatter than before, the Light will not be re- 


re I tracted enough, and for want of a ſufficient Re- 
ut fraction will not converge to the bottom of the 
= Eye but to ſome place beyond it, and by con- 
ite 7 | 


ſequence paint in the bottom of the Eye a con- 
ed fuſed Picture, and according to the indiſtinct- 


fuſed. This is the reaſon of the decay of ſight 
ted in old Men, and ſhews why their Sight is mend- 


4H ply the defect of plumpneſs in the Eye, and by 


Sto verge ſooner fo as to convene diſtinctly at the 
in I bottom of the Eye if the Glaſs have a due de- 


gree of convexity. And the contrary happens 


For the Refraction being now too great, the 


my Rays converge and convene in the Eyes before 
= they come at the bottom ; and therefore the 


Picture made in the bottom and the Viſion 


ene cauſed thereby will not be diftin&t, unleſs the 
Mo- Object be brought ſo near the Eye as that the 


removed to the bottom, or that the plump- 
ons diminiſhed by a Concave-glaſs of a due de- 


Eye 


0 Cornea and Coat of the Cryſtalline humour grow 
nd 


neſs of this Picture the Object will appear con- = 
led ed by Spectacles. For thoſe Convex-glaſſes ſup- 


encreaſing the Refraction make the Rays con- 


in ſhort- ſighted Men whoſe Eyes are too plump. 


Pace where the converging Rays convene may 
neſs of the Eye be taken off and the Refracti- 
gree of Concavity, or laſlly that by Age the 


- - t . 
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Eye grow flatter till it come to a due Figure: 


For ſhort-ſighted Men ſee remote Objects beſt 


in Old Age, and therefore they are accounted 
to have the moſt laſting Eyes. 5 


AX. VIII. 


An Object ſeen by Reflexion or Refraction, 
appears in that place from whence the Rays af- 


ter their laſt Reflexion or Refraction diverge in 


Falling on the Speftator's Eye. 


I the Object A in Fig. 9.]beſeenby Reflexion 
of a Looking-glaſs n u, it ſhall appear, not in its 


proper place A, but behind the Glaſs at 2, from 


whence any Rays AB, AC, AD, which flow from 


one and the ſame Point of the Object, do after 


their Reflexion made in the Points B, C, D, di- 
verge in going from the Glaſs to E, F, G, 
where they are incident on the Spectator's Eyes. 
For theſe Rays do make the ſame Picture in the 
bottom of the Eyes as if they had come from 
the Object really placed at à without the inter- 
poſition of the Looking-glaſs; and all Viſion is 
made according to the place and ſhape of that i 
5 e 


' 


In like manner the Object D [in Fig. 2.] ſeen 


through a Priſm, appears not in its proper place 


D, but is thence tranſlated to ſome other place 


ſituated in the laſt refracted Ray F G drawn 
_ backward fromFtod  _ 55 | 


And ſo the Object [in Fig. 10.) ſeenthrough 


the Lens AB, appears at the P ace from whence 
the Rays diverge in paſſing 
Eye. Now it is to be noted, that the Image of 


rom the Lens to the 


the 
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the Object at q is ſo much bigger or leſſer than 
the Object it ſelf at Q, as the diſtance of the 
Image at 5 from the Lens AB is bigger or leſs | 
than the Ange of the Object at Q from the 
ame Lens. And if the Object be ſeen through 


Ito or more ſuch Convex or Concave-glafles, 


every Glaſs ſhall make a new Image, and the 
)bje ſhall appear in the place and of the big- 
neſs of the laſt Image. Which conſideration un- 
folds the Theory of Microſcopes and Teleſcopes. 
For that Theory conſiſts in almoſt nothing elſe 

han the deſcribing ſuch Glaſſes as ſhall make 
he laſt Image of any Object as diſtinct and 
age and luminous as it can conveniently be 
Gr 1 - 

| have now given in Axioms and their Fx- 
cations the ſumm of what hath hitherto been 
rated of in Opticks. For what hath been ge- 
erally agreed on I content my ſelf to aſſume 
nder the notion of Principles, in order to what 
have farther to write. And this may ſuffice 
r an Introduction to Readers of quick Wit 
nd good Underſtanding not yet verſed in Op- 


Wks: Although thoſe who are already acquain- 


d with this Science, and have handled Glaſſes, 
l more readily apprehend what followeth. 


| PROPO- 


1 LL IGHTS which differ in Colour, differ all 


a red colour and the other with a blew. Thc 
— og was very black, and the Colours inten 


might be more conſpicuous. This Paper 


two Sides through which the Light paſſed to th 
Eye were plane and well poliſhed, and containec 
an Angle of about ſixty degrees: which Angl 
[ call the refracting Angle of the Priſm. An 
whilſt Iviewed it, I held it and the Priſm befor 
a Window in ſuch manner that the Sides of thi 
by 2a were parallel to the Priſngg.a 
Sid 


that the Light which fell from the Window upol 


[16] 
PROPOSITIONS. 
P R O P. I. Truror. I. 


in Degrees of Refrangibility. 
The Proof by Experiments. 
Exper. I. I took a black oblong ſtiff Papel 
terminated by Parallel Sides, and with a Per 
endicular right Line drawn croſs from ond 


Side to the other, diſtinguiſhed it into two 
qual Parts. One of theſe parts I painted wit 


thickly laid on, that the Phænomeno 


view'd through a Priſm of ſolid Glaſs, who'® 


Triſgg.and both thoſ 
ides and the Priſm were parall ft fie Horizo 
and the croſs Line was alfo parallel to it; an 


the Paper made an Angle with the Paper, equi 


to that Angle which was made with the — 
85 — S ip 


—_— 


at tt 
r — , rere. —— u- — 


Paper by the Light 
Beyond the Priſm was the Wall of the Chamber 
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reflected from it to the Eye. 


under the Window covered over with black 


2 


Cloth, and the Cloth was involved in Darkneſs 
that no Light might be reflected from thence, 
which in paſſing by the edges of the Paper to 
the Eye, might mingle it ſelf with the Light of 
the Paper, and obſcure the Phœnomenon there- 
of. 'Theſe things being thus ordered, I found 


What if the refracting Angle of the Priſm be 


urned upwards, fo that the Paper may ſeem to 
de lifted upwards by the Refraction, its blue 
half will be lifted higher by the Refraction than 


Wis red half. But if the refracting Angle of the 


I to tht 


W-rninated with parallel Sides D)] and 


Wd by the tranſverſe Line FG diſtinguiſhed 
o two halfs, the one D G of an intenſely 


iim be turned downward, ſo that the Paper 


ay ſeem to be carried lower by the Refra- 
tion, its blue half will be carried ſomething | 


Mower thereby than its red half, Wherefore in 
Woth caſes the Light which comes from the 


ue half of the Paper through the Priſm to 


Wie Eye, does in like Circumſtances ſuffer a a 
Wreater Refraction than the Light which comes 


rom the red half, and by conſequence is more 
Llaſtration. In the eleventh Figure, MN 
eprelents the Window, and D E the Pa = 4 
5 


ue Colour, the other F E of an intenſely 
d And BAC cab Fee the Priſm 
boſe refracting Planes AB & a and AC 4 


ect in the edge of the refracting Angle A 2. 


us edge Aa being upward, is parallel both to 


Fl 
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- F 
* 
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Paper DJ and HE, and the tranſyerſe Line FC 
— perpendicular to the Plane of the W indow 


3 by de repreſents the Imagè of the Paper ſee 


by Refraction upwards in ſuch manner that thi 
blue half DG is carried higher to 4 than thi 
red half FE is to fe, and therefore ſuffers 
greater Refraction. If the edge of the refrad 
ing Angle be turned downward, the Image off 
the Paper will be retracted downward, ſuppoſ 
to 9s, and the blue half will be refracted lowefſ;«, 
to oy than the red half is to o. R- 
Eper. 2. About the aforeſaid Paper, who 
two halts were painted over with red and bludf;} 
and which was {tiff like thin Paſtboard, I lappe@j, 
| ſeveral times a {lender thred of very black Sil ed 
in ſuch manner that the ſeveral parts of th 
thred might appear upon the Colours like 
many black Lines drawn over them, or lik 
long and {lender dark Shadows caſt upon the 
I might have drawn black Lines with a Pet 

but the threds were ſmaller and better define 
Ibis Paper thus coloured and lined ] ſet again 
a Wall perpendicularly to the Horizon, ſo thi 
one of the Colours might ſtand to the rig ae 
hand, and the other to the left. Cloſe befohalf 
the Paper at the eonfine of the Colours beloiſhi;., 
Tplaced a Candle to illuminate the Paper {tron ap 
ly: For the Experiment was tried in the Nig 
; The flame of the Candle reached up to f 
lower edge of the Paper, or a very little highq; 
Then at the diſtance of {ix Feet and one or 
Inches from the Paper upon the Floor I erec'Y 
a glaſs Lens four Inches and a quarter uy 
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which might collect the Rips coming from the 
ſeyeral Points of the Paper, and make theme 
verge towards ſo many other Points at the ſame 


nd make them con- 


diſtance of ſix Feet and one or two Inches on 
the other {ide of the Lens, and ſo form the I- 
mage of the coloured Paper upon. a white Pa- 
er placed there, after the ſame manner that a 
Lens at a hole in a Window caſts the Images of 
Objects abroad upon a Sheet of white Paper in 
a dark Room. The aforeſaid white Paper, e- 
rected perpendicular to the Horizon and to the 
Rays which fell upon it from the Lens, I moved 
ſometimes towards the Lens, ſometimes from 
It, to find the places where the Images of the 
blue and red parts of the coloured Paper appear- 
ed molt diſtinct. "Thoſe places I eaſily knew by 
the Images of the black Lines which I had made 
by winding the Silk about the Paper. For the 
Images of thole fine and flender Lines (which 
by reaſon of their blackneſs were like Shadows _ 
on the Colours) were confuſed and ſcarce viſi- 
ble, unleſs when the Colours on either ſide of 
each Line were terminated moſt diſtinctly. No- 
ng therefore, as diligently as I could, the 
places where the Images of the red and blue 
balfs of the coloured Paper appeared moſt di- 


tint, I found that where the red half of the 


Paper appeared diſtin, the blue half appeared 
COnfuſed, ſo that the black Lines drawn upon 


t could fearce be ſeen ; and on the contrary, 


here the blue half appeared moſt diſtinct, the 
ted half appeared confuſed, fo that the black 
Lines upon it were ſcarce viſible. And between 
lie two places where theſe Images appeared 
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diſtin there was the diſtance of an Inch and a 
half: the diſtance of the white Paper from the 
Lens, when the Image of the red half of the 
coloured Paper appeared molt diſtinct, being 
greater by an Inch and an half than the diſtance 
of the fame white Paper from the Lens when 
the Image of the blue half appeared moſt di- 
ſtinct. In like Incidences therefore of the blue 
and red upon the Lens, the blue was refracted 
more by the Lens than the red, ſo as to con- 
verge ſooner by an Inch and an half, and there- 


fore is more refrangible. 


Illuſtration. In the twelfth Figure, D E ſig- 
nifies the coloured Paper, DG theblue half, 
FE the red half, MN the Lens, H] the white 
Paper in that place where the red half with its 
black Lines appeared diſtinct, and H the ſame 
Paper in that place where the blue half appear- 
ed diſtinct. The place h z was nearer to the 
Lens MN than the place H] by an Inch and 
a... gy 5 
FgSscholium. The ſame things ſucceed notwith- 
{landing that ſome of the Circumſtances be va- 
ried: as in the firſt Experiment when the Priſ 
and Paper are any ways inclined to the Hor 
20n, and in both when coloured Lines arqI7;, 
drawn upon very black Paper. But in the De 
ſcription of theſe Experiments, I have ſet dow 
ſuch Circumſtances by which either the Phe 
nomenon might be rendred more conſpicuou #, 
or a Novice might more caſily try them, or bi 
which I did try them only. The ſame thing ne 
aue often done in the following Experiments pa 
1 Concerning all which this one 1 an 
| . — ACEA IND ae ſuſhce 


— — 


as 
£2 
— 


% 
. F : , * 
} . 
- wu! 
; t * 
- ; : 
| 7 #6 
P's | 4 * 
| 8 | . 
* -- x : 
* * ? 


ſuffice. Now from theſe Experiments it fol- i 
lows not that all the Light of the blue is more _ 
Refrangible than all the Light of the red: For 9 


both Lights are mixed of Rays differently Re- 
frangible, ſo that in the red there are ſome Rays 
not leſs Refrangible than thoſe of the blue, and 
in the blue there are ſome Rays not more Re- 


frangible than thoſe of the red: But theſe Rayys 
in proportion to the whole Light are but few, j 
and ſerve to diminiſh the Event of the Experi- — 


ment, but are not able to deſtroy it. For if 
the red and blue Colours were more dilute and 
weak, the diſtance of the Images would be leſs 
than an Inch and an half; and if they were more 
intenſe and full, that diſtance would he greater, 
2s will appear hereafter. Theſe Experiments 
may ſuffice for the Colours of Natural Bodies. 
For in the Colours made by the Refraction of 
Priſms this Propoſition will appear by the Ex- 
periments which are now to follow in the next 
Propoſition, OS V 
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5 R O P. I. Tazor. II. 52 
The Light of the Sun conſiſts of Rays differently 

e Refrangible. 8 
Ik) be Proof by Experiments. . 
Exper. z. Na very dark Chamber at a round 
I hole about one third part of 11 | 
Inch broad made in the Shut of a Window 1 
paced a Glaſs Priſm, whereby the beam of the 
du's Light which came in at that hole might | 
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mage of the Sun, The Axis of the Priſm (that 
is the Line paſſing through the middle of the 


rallel to the edge of the Refracting Angle) was 
in this and the following Experiments perpen- 


mage ſeemed Stationa 
and fix'd it in that po that it 
moved no more. For in that poſture the Re- 


Rays into the Priſm, and at their going out of 
it, were equal to one another. So alſo in other 
Experiments, as often as I would have the Re- 


ſtill between its two contrary Mations in the re⸗ 


when the Image fell upon that place, I made 
_ faſt the Priſm. And in this Poſture, as the moſt 


Priſms are placed in the following Experiments, 
unleſs, where ſome other poſture is deſcribed. 
The Priſm therefore being placed in this po- 
ſture, I t the refracted Light fall perpendicu- 


de Wall of the Chamber, and obſeryedgheFi: 


/ - 


e 
1 
2g 
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be refracted upwards toward the oppoſite Wall 
of the Chamber, and there form a colour'd I. 


Priſm from one end of it to the other end pa- ric 


dicular to the incident Rays. About this Axis 
I turned the Priſm ſlowly, and ſaw the refra- Ina 
cted Light on the Wall or coloured Image of 
the Sun firſt to deſcend, and then to aſcend. 
Between the Deſcent and Aſcent when the J- 
155 1. ſtopp'd the Priſm, 

ure, that it ſhould be 


fractions of the Light at the two ſides of the 
refracting Angle, that is at the entrance of the 


fractions on both ſides the Priſm to be equal to 


one another, I noted the place where the Image eng 


of the Sun formed by the refracted Light ſtood 


common Period of its progrets and règreſs; and 


4 


convenient, it is to be underſtood that all the Wee: 


4 
"=. 


larly upon a Sheet of white Paper at the oppo- 


gure 
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Vall ure and Dimenſions of the Solar Image form» 
d - Wd on the Paper by that Light. This Image: 
that Was Oblong and not Oval, but terminated with 
the wo Rectilinear and Parallel Sides, and two Se- 
pa- Wicircular Ends. On its Sides it was bounded 


was Pretty diſtinctly, but on its Ends very confuſed- 
den- and indiſtinctly, the Light there decaying 
\xis Ind vaniſhing by degrees. The breadth of this 


* 


>fra- 
e of 
end. 
ie | 
im, 
| be 


mage an{wered to the Su 
bout two Inches and th hth part of an 
nch, including the Penu For the Image 
as eighteen Feet and an hf diitant from the 
Priſm, and at this diſtance that breadth if di- 
niſhed by the Diameter of the hole in the 
Re- W/indow-ſhut, that is by a quarter of an Inch, 
the abtended an Angle at the Priſm of about half 
f the N which is the Sun's apparent Diame- 
ut of Wer. But the length of the Image was about ten 


jameter, and was 


other Inches and a quarter, and the length of the Re- 
Re- Wilinear Sides about eight Inches; and the re- 
lal to Wracting Angle of the Priſm whereby ſo great a 
mage Wngth was made, was 64 degrees. With a leſs 
ſtood Wngle the length of the Image was leſs, the 
n the Freadth remaining the ſame. If the Priſm was 
; and Wurned about its Axis that way which made the 
made Ways emerge more obliquely out of the ſecond 

> molt Nefracting Surface of the Priſm, the Image ſoon 
ll the Wecame an Inch or two longer, or more; and 
nents, f the Priſm was turned about the contrary 
ribed. ays ſo as to make the Rays fall more oblique- 
15 po-: on the firſt refracting Surface, the Image ſoon 
ndicu-Wecame an Inch or two ſhorter. And there- 
op o- re in trying this Experiment, I was as curi- 
the Fl- 


Ws as 1 could be in placing the Priſm by the 


Rays of the Spe 
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above-· mentioned Rule exactly in ſuch a poſture 
that the Refractions of the Rays at their emer- 


5 
Ss 
Ss. 
8 


gence out of the Priſm might be equal to that 


at their incidence on it. This Priſm had ſome 
Veins running along within the Glaſs from one 


end to the other, which ſcattered ſome of the 
_ Sun's Light irregularly, but had no ſenſible ef. 


fect in encreaſing the length of the coloured 


Spectrum. For Iatgied the ſame Experiment 


with other PriſnigWth the ſame Succeſs. And 
particularly with Priſm which ſeemed free 
from ſuch Veins, And whoſe refracting Angle 


was 624 Degrees, I found the length of the 


Image 94 or 10 Inches at the diſtance of 18; 


Feet from the Priſm, the breadth of the hole 


in the Window-ſhut being + of an Inch, as be 


fore. And becaule it is eaſie to commit a mi 


ſtake in placing the Priſm in its due poſture, | 


repeated the Experiment four or five times 


and always found. the length of the Image that 
which is ſet down above. With another Priſ 

of clearer Glaſs and better Poliſh, which ſeem 
ed free from Veins, and whoſe refracting Angle 
was 635 Degrees, the length, of this Image at 


the ſame diſtance of 184 Feet was alſo about 1 


Inches, or 104. Beyond theſe Meaſures for a 


bout & or - of an Inch at either end of the Spe 


ctrum the Light of the Clouds ſeemed to be 


little tinged with red and violet, but ſo ver 


faintly, that J ſuſpected that tincture might ei 
ther wholly or in great meaſure ariſe from ſom 
j ſcattered irregularly b 

ſoine inequalities in the Subſtance and Poliſh 0 
the Glaſs, and therefore I did not include X 1 
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theſe Meaſures. Now the different Magnitude: 
of the hole in the Window-ſhut, and different 
thickneſs of the Priſm where the Rays paſſed 
through it, and different inclinations of the 
Priſm to the Horizon, made no ſenſible chan- 
ges in the length of the Image. Neither did 
the difterent matter of the Priſms make any: 
for in a Veſſel made of poliſhed Plates of Glaſs 
cemented together in the ſhape of a Priſm and 
filled with Water, there is the like Succeſs of 
the Experiment according to the quantity of 
the Refraction. It is farther to be obſerved, 
that the Rays went on in right Lines from the 
Priſm to the Image, and therefore at their ve- 
ry going out of the Priſm had all that Inclina- 
tion to one another from which the length of 
the Image proceeded, that is the Inclination of 
more than two Degrees and an half. And yet 
according to the Laws of Opticks vulgarly re- 
ceived, they could not poſſibly be ſo much incli- 
ned to one another. For let EG [in Fig. 13. ] re- 
preſent the Window-ſhut, F the hole made there- 
in through which a beam of the Sun's Light was 
tranſmitted into the darkned Chamber, and 
ABC a Triangular Imaginary Plane whereby the 
Priſm is feigned to be cut tranſverſly through 
the middle of the Light. Or if you pleaſe, let 
ABC repreſent the Priſm it ſelf, looking di- 
rectly towards the Spectator's Eye with its near- _ 
er end: And let x Y be the Sun, MN the Pa- 
per upon which the Solar Image or Spectrum is 
caſt, and PT the Image it ſelf whoſe ſides to- 
wards v and w are Rectilinear and Parallel, and 
ends towards P and T' Semicircular. YKHP 
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and XLJT are two Rays, the firſt of which 


comes from the lower part of the Sun to the 
higher part of the Image, and is refracted in the 


Priſm at K and H, and the latter comes from 


the higher part of the Sun to the lower part of 
the Image, and is refracted at L and J. Since 
the Refractions on both ſides the Priſm are e- 
qual to one another, that 1s the Refraction at 


& equal to the Refraction at J, and the Refra- 
ction at L equal to the Refraction at H, fo that 


the Refractions of the incident Rays at K and L. 
taken together are equal to the Refractions of 
the emergent Rays at H and ] taken together: 


it follows by adding equal things to equal things, 


that the Refractions at K and H taken together, 


are equal to the Refractions at ] and L taken 
together, and therefore the two Rays being e- 


qually refracted have the ſame Inclination to 
one another after Refraction which they had 


before, that is the Inclination of half a Degree 
anſwering to the Sun's Diameter. For fo great 
was the Inclination of the Rays to one another 
before Refraction. So then, the length of the 


Image PT would by the Rules of Vulgar Op- 
_ ticks ſubtend an Angle of half a Degree at the 


Priſm, and by confequence be gqual to the 
breadth vw; and therefore the Image would 


be round. Thus it would be were the two 
Rays XL, JTand YK HP, and all the reſt which 
form the Image Pw T', alike refrangible. 


And therefore ſeeing by Experience it is found 


that the Image is not round but about five 
times longer than broad, the Rays which g0- 


ing to the upper end P of the Image ſuffer the 
— ee 
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ich heateſt Refraction, muſt be more refrangible 

the Wan thoſe which go to the lower end F, un- 

the the inequality of Refraction be caſual. _ 1 
om This Image or Spectrum PT was coloured, 7 
t of Weng red at its leaſt retracted end T, and vi o 
nce tat its moſt refracted end P, and yellow + 1 
e e- Ween and blue in the intermediate Spaces. 
n at Which agrees with the firſt Propoſition, that | 
fra- Nights which differ in Colour do alſo differ in 4 
that Nefrangibility. The length of the Image in the 5 
id L Fregoing Experiments I meaſured from the — {| 
15 of Winteſt and outmoſt red at one end, to the g 
her: Ninteſt and outmoſt blue at the other end, ex- | 
ings, pting only a little Penumbra, whoſe breadth 

ther, Narce exceeded a quarter of an Inch, as was 

aken id above. FF 8 _— 
ng e- Exper. 4. In the Sun's beam which was pro. 
n to ſeated into the Room through the hole in the 1 
had Mindow-ſhut, at the diſtance of ſome Feet 

egree om the hole, I held the Priſm in ſuch a po- 


great Are that its Axis might be perpendicular to 
other Wat beam. Then I looked through the Priſm 
of the Pon the hole, and turning the Priſm to and 
r Op- about its Axis to make the Image of the 

at the le aſcerid and deſcend, when between its 

to theo contrary Motions it ſeemed ſtationary, I 
would pppd the Priſm that the Refractions of both | 
e twoſſes of the refracting Angle might be equal to 
which ich other, as in the former Experiment. In 
ngible. s Situation of the Priſm viewing through it 
found MW ſaid hole, I obſerved the length of its re- 
u fweſſzeted Image. to be many times greater than 
ch go- breadth, and that the moſt refracted part 
fer thereof appeared violet, the leaſt refracted red, 
reef, — 5 the 
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der. The {ame thing happen'd when I remo- 


ed through it upon the hole ſhining by the 
Light of the Clouds beyond it. And yet if the 


one certain Proportion of the Sines of Inci- 


the refracted Image ought to have appeared 


equality ariſes, whether it be that ſome of the 
incident Rays are refracted more and others leſs 


ther caſual inequality of the Refractions, the 


ction made ſideways be drawn out as much in 
breadth by the like Dilatation of the Rays, of o 
ther caſual inequality of the Refractions ſide 
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the middle parts blue green and yellow in or. 


ved the Priſm out of the Sun's Light, and look- 


Refraction were done regularly according to 


dence and Refraction as is vulgarly ſuppoled, 
round. 85 0 
So then, by theſe two Experiments it appear; 
that in equal Incidences there is a conſiderable 
inequality of Refractions. But whence this in- 


conſtantly, or-by chance, or that one and the 
ſame Ray is by Refraction diſturbed, ſhatter'd, 
dilated, and as it were ſplit and ſpread into 
many diverging Rays, as Grmmaldo ſuppoſes, 
does not yet appear by theſe Experiments, but 
Will appear by thoſe that follow. | 

Exper. 5. Conſidering therefore, that if in 
the third Experiment the Image of the Sun 
ſhould be drawn out into an oblong form, ei- 
ther by a Dilatation of every Ray, or by any 0- 


ſame oblong Image would by a ſecond Reirs 


ways, I tried what would be the effects of ſucl! 
a ſecond Refraction. For this end I ordere- 
all things as in the third Experiment, and then 
placed a ſecond Priſm immediately after 1 


29 
rt in a croſs Paſition to it, that it might again 
efract the beam of the Sun's Light which came 
o it through the firſt Priſm. In the firſt Priſm 
this beam was refracted upwards, and in the 
cond fideways. And I found that by the Re- 
fraction of the. ſecond Priſm the breadth of the 
Image was not increaſed, but its ſuperior part 
vhich in the firit Priſm ſuffered the greater 
Refraction and appeared violet and blue, did 
gain in the ſecond Priſm ſuffer a greater Re- 
Faction than its inferior part, which appeared 
red and yellow, and this without any Dilatation 
of the Image in breadting. 8 
Illaſtration. Let 8 [in Fig. 14. ] repreſent 
the Sun, F the hole in the Window, ABC the 
firſt Priſm, DH the ſecond Priſm, Y the round 
Image of the Sun made by a direct beam of 
ight when the Priſms are taken away, PT“ 
tic oblong Image of the Sun made by that beam 
paſſing through the firſt Priſm alone when the 
ſecond Priſm is taken away, and yt the Image 
made by the croſs Refractions of both Priims 
together. Now it the Rays which tend to- 
wards the ſeveral Points of the round Image Y 
were dilated and ſpread by the Refraction of 
the firſt Priſm, ſo that they ſhould not any lon- 
ger go in ſingle Lines to ſingle Points, but that 
every Ray being ſplit, ſhattered, and changed 
rom a Linear Ray to a Superficies of Rays di- 
ſerging from the Point of Refraction, and ly- 
ng in the Plane of the Angles of Incidence and 
Retraction, they ſhould go in thoſe Planes to 
0 many Lines reaching almoſt from one end of 
ne Image PT to the other, and if that Image 
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Points of the Image PT ought to be again dif 
| lated and ſpread ſideways by the tranfver{ 
 Refraction of the ſecond Priſm, ſo as to com 


ed at i. For the better underſtanding of whic 
qual parts PK, K RL, LRSM, MSV 
NV. 
orbicular Light Vis by the Refraction of thi 


Image PT, the Light PQK which takes up 
ſpace of the fame length and breadth with thi 
Light Y ought to be by the Refraction of thi 

ſecond Priſm dilated and drawn out into th 


to the long Image %, and the Lights LRS 
 MSVN, NYT, into fo many other long! 
mages /r em, mn, uv); and all thele lon 
Images would compoſe the four iquare Imag 
. Thus it ought to be were every Ray dila 
ted by Refraction, and ſpread into a triangula 
. duperficies of Rays diverging from the Poi 
of Refraction. For the ſecond Refractio 


_ firſt doth another, and fo dilate the Image i 
breadth as much as the firſt doth in lengtl 
And the fame thing ought to happen, wet 
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ſome Rays caſually refracted more than other! 
But the Event is otherwiſe. The Image P 
was not made broader by the Refraction of ti 
ſecond Priſm, but only became oblique, as f 
_ repreſented at t, its upper end P being 
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ſhould thence become oblong: thoſe Rays an 
their ſeveral parts tending towards the 1everx 


poſe a four ſquare Image, ſuch as is repreſent 
let the Image PIT be diſtinguiſhed into five ff 
And by the ſame irregularity that th 


firſt Priſm dilated and drawn out into a lon 


long Image 2 9 4p, and the Light KQRL in 
would ſpread the Rays one way as much as th 


th 
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78 ane he Refraction | tranſlated to a greater diſtan ce 
ever han its lower end I. S0 then the Eight which 
un dient towards the upper end P of the Image, 
werf as (at equal-Incidences). more refracted in 


cone ſecond Priſm than the Light which tended 
'e{ent 
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iolet, than the red and yellow; and therefore 
was more refrangible. The fame Light was by 
he Refraction of the firſt Priſm tranſlated far- 
her from the place V to which it tended before 
Refraction ; and therefore ſuffered as well in 
he firſt Priſm as in the ſecond a greater Refra- 


Sometimes I placed a third Priſm after the 
econd, and ſometimes allo a fourth after the 


efracted ſideways: but the Rays which were 
ore refracted than the reſt in the firſt Priſm 
yere alſo more refracted in all the reſt, and that 


bore refrangible. 


« or this was proved in the third Experiment. 
age P 

>, as "Sth is equal to its breadth, and which, as 
eing b lenſe, may ſeem circular. Let therefore AG 


jon than the reſt of the Light, and by con- 
quence was more refrangible than the reſt, 
yen before its incidence on the firſt Priſm. © 


nthout any Dilatation of the Image ſideways: 
nd therefore thoſe Rays for their conſtancy of 
greater Refraction are deſervedly reputed 


But that the meaning of this Experiment may 
lore- clearly appear, it is to be conſidered that 
e Rays which are equally refrangible do fall 
pon a circle anſwering to the Sun's Diſque. 


owards the lower end I, that is the blue and 


tird, by all which the Image might be often 


ya Circle I underſtand not here a perfect geo- 
n of th etrical Circle, but any orbicular Figure whoſe 
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Cin Fig. 15. ] repreſent the Circle which at... 
|| the molt refrangble Rays propagated from de 
11 whole Diſque of the Sun, would illuminate and 


| | paint upon the oppolite Wall if they were «© 
| | lone; E the Circle which all the leaſt refran- 
1 gible Rays would in like manner illuminate and * 
| | 5 paint if they were alone; B H, CJ, DK, the“ 
1 Circles which ſo many intermediate ſorts of 
r Rays would ſucceſſively paint upon the Wale 
ii if they were {ingly propagated from the Sun 
716 in ſucceſſive order, the reſt being always in- 
1 tercepted; and conceive that there are other 
Wi intermediate Circles without number, which 
T8 - innumerable other intermediate ſorts of Rays 


would ſucceſſively paint upon the Wall if the 
Sun ſhould ſucceſſively emit every ſort apart 
And ſeeing the Sun emits all theſe ſorts at once, 
they mult all together illuminate and paint in- 
numerable equal Circles, of all which, being 
according to their degrees of Refrangjbility 
placed in order in a continual Series, that ob- 
long Spectrum PT is compoſed which 1 de- 
ſcribed in the third Experiment. Nov if the 


Sun's circular Image Y [in Fig. 14, 15. ] which. 

is made by an unrefracted beam of Light was lc 

| by any Dilatation of the ſingle Rays, or by any 1 

| other irregularity in the Refraction of the firſt t 

— Priſm, converted into the oblon 0 1 

BB PT: then ought every Circle AG, B H, C., I 

| 5 Sc. in that Spectrum, by the croſs Refraction i 

wn | of the ſecond Priſm again dilating or otherwile- 
I ſcattering the Rays as before, to be in like man- 
[1108 ner drawn out and transformed into an oblong 


At 8 Figure, and thereby the breadth of the . 
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would be now as much augmented as the 


* 


T 


neth of the Image V was before by the Refra- 
ion of the firſt Priſm ; and thus by the Refra- 


ons of both Priſms together would be form- 
| four ſquare Figure pr 77, as I deſcribed a- 
ve. Wherefore ſince the breadth of the Spe- 
rum PT is not increaſed by the Refraction 
leways, it is certain that the Rays are not 
lit or dilated, or otherways irregularly ſcat- 
rd by that Refraction, but that every Circle 
by a regular and uniform Refraction tranſla- 
d entire into another PACE, as the Circle A 
by the greateſt Refraction into the place ag, 
e Circle BH by a lefs Refraction into the 
ace Y %, the Circle C] by a Refraction {till 
Is into the place cz, and ſo of the reſt; by 
ich means a new Spectrum pt inclined to 
e former PIT is in ike manner compoſed of 
cles lying in a right Line; and theſe Circles 
ut be of the ſame bigneſs with the former, 
cauſe the breadths of all the Spectrums V, 
wo, Fat equal diſtances from the Priſms 
equal. „„ 8 
| confidered farther, that by the breadth of 
hole F through which the Light enters in- 
the dark Chamber, there is a- Penumbra 
de in the circuit of the Spectrum Y, and 
It Penumbra remains in the rectilinear Sides 
the Spectrums PT and r. I placed there- 
© at that hole a Lens or Object-glaſs of a Te- 
ope which might caſt the Image of the Sun 
nctly on. Y without any Penumbra at all, 
found that the Penumbra of the rectilinear. 
es of the oblong Spectrums PT and pi was 
FF alſo 


ference of the firſt Image v. Thus it happe 


moſt regular, uniform, and conſtant law. Fc 


Lines ſome Penumbra or Crookedneſs or U 
ſoever Penumbra or Perturbation ſhould | 


| bation would be conſpicuous in the right Lin 
ae and gl which touch thoſe Circles. Al 


os L347 
alſo thereby taken away, ſo that thoſe Sides ae 
pearcd as diſtinctly defined as did the Circum 


if the Glaſs of the Priſms be free from Vein 
and their Sides be accurately plane and we 
9 without thoſe numberleſs Waves 0 

urles which uſually ariſe from Sand-holes 
little ſmoothed in poliſhing with Putty. If th 
Glaſs be only well poliſhed and free from Ve 
and the Sides not accurately plane but a litt 
Convex or Concave, as it frequently happen 
yet may the three Spectrums Y, PT and pM 
want Penumbras, but not in equal diſtanc ht 
from the Priſms. Now from this want of Pei: 
umbras, I knew more certainly that every ora 
of the Circles was refracted according to ſomhit 


if there were any irregularity in the Refractiot 
the right Lines AE and GL which all the Ci 
cles in the Spectrum PT do touch, could nc 
by that Refraction be tranſlated into the Lin 
ae and g as diſtinct and ſtraight as they we 
before, but there would ariſe in thoſe tranſlate 


dulation, or other ſenſible Perturbation co 
trary to what is found by Experience. Wha 


made in the Circles by the croſs Refraction ( 
the ſecond Priſm, all that Penumbra or Pertu 


therefore ſince there is no ſuch Penumbra us 
Perturbation in thoſe right Lines there mull Mh 
none in the Circles. Since the diſtance — a 
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fe Tangents or breadth of the Spectrum is 
increaled by the Refractions, the Diameters 
the Circles are not increaſed thereby. Since 
ſe Tangents continue to be right Lines, e- 
Circle which in the firſt Prum is more or 
refracted, is exactly in the ſame propor- 
more or leſs refracted in the ſecond. And 
Ing all theſe things continue to ſucceed k- 
the fame manner when the Rays are again 
third Priſm, . and again in a fourth refra- 
| ideways, it is evident that the Rays of one 
the fame Circle, as to their degree of Re- 
gibility continue always uniform and ho- 
geneal to one another, and that thoſe of 
ral Circles do differ in degree of Refran- 
ity, and that in ſome certain and conſtant 
portion. Which is the thing] was to prove. 
here is yet another Circumſtance or two 
his Experiment by which it becomes ſtill 
re plain and convincing. Let the ſecond 
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ic Lim D H [in Fig. 16.] be placed not im- 
ey Wellately after the firſt, but at ſome diſtance 
an!lath it; ſuppoſe in the mid-way between it 
5 or U tne Wall on which the oblong Spectrum 
on CORE is caſt, ſo that the Light from the firſt 
VV nam may fall upon it in the form of an oblong 
ould Wftrum 27 parallel to this ſecond Priſm, and 


\Ct10N ( 
r Pertu 
Tht Lin 
2 

8. Alt 
ambra « 
E mull 
betwe 0 
tho 


efracted ſideways to form the oblong 
trum pr upon the Wall. And you will 
as before, that this Spectrum y 7 is inclined 
nat Spectrum PIT, which the firſt Priſm 
alone without the ſecond ; the blue ends 
d þ being farther diſtant from one another 
the red ones T and 7, and by conſequence 

5 1 that 
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ABC and aB8y placed at thoſe holes (on 
the oppoſite Wall of the Chamber, in ſuch 


which they there painted were joined end 


PT to t and the Spectrum MN to my, t 
tranſlated Spectrums ? and nn would nol 
in one ſtraight Line with their ends contig! 


as before, but be broken off from one ano! 
and become parallel, the blue end 2 of tl 
mage ½ 7 being by a greater Refraction t 


the red end 7 of the other Image p 7 from 
ſame place MT; which puts the Propoli 
paſt diſpute. And this happens whether 
| third Priſm DH be placed immediately q 
the two firſt, or at a great diſtance f Ld 
them, fo that the Light refracted in the M* 


3 
that the Rays which go to the blue end 
the Image 77 and which therefore {utter 
greateſt Refraction in the firſt Priſm, arc 29 


in the ſecond Priſm more refracted than II 


- The fame thing I try'd alſo by letting N. 


Sun's Light into a dark Room through two 


tle round holes F and © [in Fig. y.] made 
the Window, and with two parallel Pri 


each) retracting thoſe two beams of Light 
ner that the two colour'd Images PIT and! 


end and lay in one ſtraight Line, the red en 
of the one touching the blue end M of the 
ther. For if theſe two refracted Beams y 
again by a third Priſm DH placed croſs to 
two firſt, refracted ſideways, and the Spetin 


thereby tranſlated to ſome other part of Nee 


Wall of the Chamber, ſuppoſe the Spec 


ſlated farther from its former place MT, 
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een 
mt  refract it towards the oppoſite Wall, and 


loſe behind the Priſm I fixed one of the Boards, 
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ft Priſms be either white and circular, or co- 
ured and oblong when it falls on the third. 


Exper. 6. In the middle of two thin Boards 
made round holes a third part of an Inch in 


ameter, and in the Window-ſhut a much 
roader hole being made to let into my dark- 
ed Chamber a large beam of the Sun's Light; 


laced a Priſm behind the Shut in that beam 


ſuck manner that the middle of the refracted 
ight might paſs through the hole made in it, 


nd the reſt be intercepfed by the Board. Then 
t the diſtance of about twelve Feet from the 


ct Board T fixed the other Board in ſuch man- 
er that the middle of the retracted Light which 
ame through the hole in the firſt Board and 
| upon the oppolite Wall might paſs through 
e hole in this other Board, and the reſt being 
tercepted by the Board might paint upon it 
ie coloured Spectrum of the Sun. And cloſe 
chind this Board I fixed another Priſm to re- 
act the Light which came through the hole. 
hen 1 returned ſpeedily to the firſt Priſm, and 
turning it {lowly to. and fro about its Axis, 
cauſed the Image which {ell upon the ſecond 
card to move up and down upon that Board, 
at all its parts might ſucceſſively paſs through 

e hole in that Board and fall upon the Priſm 
elind it. And in the mean time, I noted the 
aces on the oppoſite Wall to which that Light 
ler its Refraction in the ſecond Priſm did paſs; 
by the difference of the places I found that 
I& Light which being moſt refracted in the 
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was again more refracted in the ſecond Pri 


hole in the Window-ſhut, through which th 
Sun ſhines upon the firſt Priſm ABC, and {: 
the refracted Light fall upon the middle of th 


Experiment. By turning the Priſm ABC floy 
ly to and fro about its Axis this Image will b 


which the refracted Light fell, and found thi 
whilſt the two Boards and ſecond Priſm 1 


 tually. For when the lower part of the Lig 
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firſt Priſm did go to the blue end of the Image 


than the Light which went to the red end o 
that Image, which proves as well the firſt Pro 
poſition as the ſecond. And this happene( 
whether the Axis of the two Priſms were pa 
rallel, or inchned to one another and to th 


Horizon in any given Angles. U 


Illuſtration. Let F [in Fig. 18.] be the widht 


Board DE, and the middle part of that Ligh 
upon the hole G made in the middle of th 
Board. Let this trajected part of the Ligh 
fall again upon the middle of the ſecond Boar 


de and there paint ſuch an oblong coloured Mit 


mage of the Sun as was deſcribed in the thi 


made to move up and down the Board 4 
and by this means all its parts from one end! 
the other may be made to paſs ſucceſſive 
through the hole g which is made in the mic 
dle of that Board. In the mean while anothe 
Priſm 4 he is to be fixed next after that hole 
to refract the trajected Light a ſecond tim 
And thele things being thus ordered, I marke 
the places M and N of the oppoſite W all upc 


mained unmoved, thoſe places by turning f 
firſt Priſm about its Axis were changed perpe 
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which fell upon the ſecond Board dee was caſt 
through the hole g it went to a lower place M 
on the Wall, and when the higher part of that 
Light was caſt through the ſame hole g, it went 
to a higher place N on the Wall, and when a- 
ny intermediate part of the Light was caſt 
through that hole it went to ſome place on the 
Wall between M and N. The unchanged Po- 
ſition of the Holes in the Boards, made the In- 
eidence of the Rays upon the ſecond Priſm to 
be the ſame in all caſes. And yet in that com- 
mon Incidence ſome of the Rays were more re- 
fracted and others leſs. And thoſe were more 
refracted in this Priſm which by a greater Re- 
fraction in the firſt Priſm were more turned 
out of the way, and therefore tor tneir con- 
— of being more refracted are deſervedly 
wlled more refrangib le 
Exper. 7. At two holes made near one ano- 

ther in my Window-ſhut I placed two Priſms, 
one at each, which might caſt upon the oppo- 
ite Wall (after the manner of the third Expe- 
ment) two oblong coloured Images of the 
dun. And at a little diſtance from the Wall I 

placed a long {lender Paper with ſtraight and 
parallel edges, and ordered the Priſms and Pa- 


per ſo, that the red Colour of one Image might 


all directly upon one half of the Paper, and the 
Violet Colour of the other Image upon the o- 
ther half of the ſame Paper; ſo that the Pa- 
per appeared of two Colours, red and violet, 
much after the manner of the painted Paper 
n the firſt and ſecond Experiments. Then 
Vith a black Cloth J covered the Wall behind 
TTT 
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the Paper, that no Light might be reflected et 
from it to diſturb the Experiment, and view-Wth: 

ing the Paper through a third Priſm held pa- Inc 
rallel to it, I faw that half of it which was i- de 
luminated by the violet Light to be divided bh 
from the other half by a greater Refraction, cM; 
{ſpecially when I went a good way off from the! 
Paper. For when] viewed it too near at hand, Wir 
the two halts of the Paper did not appear fullyſWhe 
divided from one another, but ſeemed conti-W 1 
guous at one of their Angles like the paintedWin 
Paper in the firſt Experiment. Which allo 
happened when the Paper was too broad. let 

Sometimes inſtead of the Paper I uſed a whiteWhy 
'Thred, and this appeared through the PriimſWar 

divided into two parallel Threds as is repre-Mof 
ſented in the nineteenth Figure, where DG& 
denotes the Thred illuminated with violet Light 

from D to E and with red Light from F to G, 

and de f'g are the parts of the Thred ſeen by 

Refraction. If one half of the Thred be con- 

ſtantly illuminated with red, and the other half 

be illuminated with all the Colours ſucceflively, 
(which may be done by cauſing one of the 

Priſms to be turned about its Axis whilſt the 
other remains unmoved) this other half in view- 

ing the Thred through the Priſm, will appear 
in a continued right Line with the firſt half when 

illuminated with red, and begin to be a little 
divided from it when illuminated with orange, 
and remove farther ſrom it when illuminated 
with yellow, and ſtill farther when with green, 
and farther when with blue, and go yet farthe! 
oft when illuminated with indigo, and forthe 
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cc when with deep violet. Which plainly ſhews, 
view- chat the Lights of ſeveral Colours are more and 
d pa-. ¶ nore refrangible one than another, in this or- 
as il. ¶ der of their Colours, red, orange, yellow, green, 
videdſh blue, indigo, deep violet; and ſo proves as well 
Mn, e- the firſt Propoſition as the ſecond. N 
m theſ I cauicd. alſo the coloured Spectrums PT 
hand, Wlin Fig. 17.] and MN made in a dark Cham- 
r fully MWber by the Refractions of two Priſms to lye in 
conti- Nui right Line end to end, as was deſcribed above 
aintedMin the fifth Experiment, and viewing them 
h alloliirough a third Priſm held parallel to their 
1. length, they appeared no longer in a right Line, 
 WhiteFWbut became broken from one another, as the 
Prime repreſented at pf and mu, the violet end 2 
repre: of the Spectrum m2 7 being by a greater Refra- 


e DGfldion tranflated farther from its former place 
MT than the red end 7 of the other Spectrum 


t Light 
F to G, 
een by 
e con- 
jer half 
flively, 
of the 
11{t the 
n view- 
| appear 
If when 
» a little 
Orange, 
minated 
h green, 
© farther 
fartheſt 


when 


| farther cauſed thoſe two Spectrums PT 
in Fig. 20.] and MN to become co-incident 


in an inverted order of their Colours, the red 


ther, as they are repreſented in the oblong Fi- 
hure PI MN; and then yiewing them through 


ppeared not co- incident as when viewed with 
ne naked Eye, but in the form of two diſtinct 


he middle after the manner of the letter X. 
hich ſhews that the red of the one Spectrum 
nd violet of the other, which were co-incident 
t PN and MT, being parted from one another 
y a greater Refraction of the violet to p 2 n 

than 


nd of each falling on the violet end of the o- 
i Priſm DH held parallel to their length, they 


pectrums t and nn croſſing one another in 


* — — — 
— hf — - 3 
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Priſm through which the Paper was viewed 


* 
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than of the red to ; and t, do differ in degrees 
of Refrangibility” . = | 
J illuminated alſo a little circular piece of 
white Paper all over with the Lights of both Y] 
Priſms intermixed, and when it was illumina— 
ted with the red of one Spectrum and deep: 
violet of the other, ſo as by the mixture of: 
thoſe Colours to appear all over purple, I view- 
ed the Paper, firſt at a leſs diſtance, and then I 
at a greater, through a third Priſm; and as I 
went from the Paper, the refracted Image there-W | 
of became more and more divided by the une. Ii 
qual Refraction of the two mixed Colours, and It 
at length parted into two diſtinct Images, a red r 
one and a violet one, whereof the violet war 
fartheſt from the Paper, and therefore ſuffered} c 
the greateſt Refraction. And when that Prim 
at the Window which caſt the violet on the Pa- o 
per was taken away, the violet Image diſap-Wc 


peared ; but when the other Priſm was taken 

away the red vaniſhed: which ſhews that theſeWu 
two Images were nothing elle than the Light 
of the two Priſms which had been intermixed 
on the purple Paper, but were parted again by 
their unequal Refractions made in the thir 


This alſo was obſervable, that if one of the 
Priſms at the Window, ſuppoſe that which call 

the violet on the Paper, was turned about it 
Axis to make all the Colours in this order, vio 
let, indigo, blue, green, yellow, orange, red 

fall ſucceſſively on the Paper from that Prim 
the violet Image changed Colour accordingly 
turning ſucceſhvely to indigo, blue, green, * 

225 3 


#4 


Trees I low and red, and in changing Colour came 

nearer and nearer to the red Image made by 
de of ¶ the other Priſm, until when it was alſo red bot 
both ¶ Images became fully co-incident. 


mina- 1 placed alſo two Paper Circles very near one 
deep another, the one in the red Light of one Priſm, 
Ire off and the other in the violet Light of the other. 
view- The Circles were each of them an Inch in dia- 
| then meter, and behind them the Wall was dark that 
1 as I the Experiment might not be diſturbed by any 
therc-M Light coming from thence. Theſe Circles thus 
e unc-· ¶ illuminated, I viewed through a Priſm ſo held 
„ and that the Refraction might be made towards the 
„a red red Circle, and as | went from them they came 
et was ncarer and nearer together, and at length be- 
ufferedſ came co-incident ; and afterwards when I went 
: Prifmy fill farther off, they parted again in a contrary | 
the Pa- order, the violet by a greater Refraction being 
 dilapMcaried beyong the re.. 
; taken Exper. 8. In Summer when the Sun's Light 
it theſeWEWules to be ſtrongeſt, I placed a Priſm at the 
Lights bole of the Window-ſhut, as in the third Expe- 
-rmixed_Jriment, yet ſo that its Axis might be parallel to 
gain i the Axis of the World, and at the oppoſite 
e third Wall in the Sun's refracted Light, I placed an 
viewedWopen Book. Then going fix Feet and two In- 
> of tha ches from the Book, I placed there the above- 


hich cal mentioned Lens, by which the Light reflected 
bout ii from the Book might be made to converge and 
der, vioQgtmect again at the diſtance of fix Feet and two 
ge, IC Inches behind the Lens, and there paint the 
it Priſm i Species of the Book upon a ſheet of white Pa- 
ordingy per much after the manner of the ſecond Ex- 


Cell, yel 


# periment. The Book and Lens being made faſt, 


I no- 
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J noted the place where the Paper was, when 
the Letters of the Book, illuminated by the 
fulleſt red Light of the ſolar Image falling up. 
on it, did caſt their Species on that Paper moſt 
diſtinctly: And then 1 ſtay'd till by the Motion 
of the Sun and conſequent Motion of his Image 


on the Book, all the Colours from that red to 


the middle of the blue paſs'd over thoſe Let. 
ters; and when thole Letters were illuminated 
by that blue, I noted again the place of the Pa- 


per when they caſt their Species moſt diſtinctly 


; ] 
upon it: And I found that this laſt place of the 
Paper was nearer to the Lens than its former 


place by about two Inches and an half, or two 
and three quarters. So much ſooner therefore 


did the Light in the violet end of the Image 
by a greater Refraction converge and meet, 
than the Light in the red end. But in trying 
this the Chamber was as dark as I could make 
it. For if theſe Colours be diluted and weak- 
ned by the mixture of any adventitious Light, 


the diſtance between the places of the Paper 


will not be fo great. This diſtance in the ſe— 
cond Experiment where the Colours of natural 
Bodies were made uſe of, was but an Inch and 


an half, by reaſon of the imperfection of thoſe 


Colours. Here in the Colours of the Priſm, 
which are manifeſtly more full, intenſe, and live- 


ly than thoſe of natural Bodies, the diſtance 1 


two Inches and three quarters. And were the 


Colours ſtill more full, I queſtion not but that 


the diſtance would be conſiderably greater. Fo! 
the coloured Light of the Priſm, by the inter- 
fering of the Circles defcribed in the ood 
| 5 | | | gute 
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Figure of the fifth Experiment, and alſo by the 
Light of the very bright Clouds next the 8 

Body intermixing with theſe Colours, and by 
the Light ſcattered by the inequalities in the 


Poliſh of the Priſm, was ſo very much com- 


pounded, that the Species which thoſe faint and 


dark Colours, the indigo and violet, caſt upon 


the Paper were not diſtinct enough to be well 
obſerved. „„ og e 

Exper. 9. A Priſm, whoſe two Angles at its 
Baſe were equal to one another and half right 
ones, and the third a right one, I placed in a 
beam of the Sun's Light let into a dark Cham- 
ber through a hole in the Window-ſhut as in 


flowly about its Axis until all the Light which 
went through one of its Angles and was refra- 
cted by it began to be reflected by its Baſe, af 


which till then it went out of the Glaſs, I ob- 
ſerved that thoſe Rays which had ſuffered the 


greateſt Refraction were {ooner reflected than 
the reſt. I conceived therefore that thoſe Rays 
of the reflected Light, which were moſt re- 
frangible, did firſt of all by a total Reflexion 


become more copious in that Light than the 
reſt, and that afterwards the reſt alſo, by a to- 


tal Reflexion, became as copious as theſe. To 


Ll 
* 


try this, I made the reflected Light paſs through 


another Priſm, and being refracted by it to fall 

afterwards upon a ſheet of white Paper placed 

at ſome diſtance behind it, and there by that 

Refraction to paint the uſual Colours of the 

Priſm. And then cauſing the firit Priſm to be 

tured about its Axis as above, I obſerved that 
e nent when 


un's. 


And turning the Priſm 
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when thoſe Rays which in this Priſm had ſuf- 
fered the greateſt Refraction and appeared of a 
a blue and violet Colour began to be totally re- 
flected, the blue and violet Light on the Paper 

which was molt refracted in the ſecond Priſm 
received a ſenſible increaſe above that of the 
red and yellow, which was leaſt refracted; and 
afterwards when the reſt of the Light which 
was green, yellow and red began to be total 
reflected in the firſt Priſm, the Light of thoſe 
Colours on the Paper received as great an in- 
_ creaſe as the violet and blue had done before. 


Whence 'tis manifeſt, that the beam of Light 


reflected by the Baſe of the Priſm, being aug- 
mented firſt by the more refrangible Rays and 
_ afterwards by the leſs refrangible ones, is com- 
pounded of Rays differently refrangible. And 
that all ſuch reflected Light is of the fame na- 
ture with the Sun's Light before its Incidence 
on the Baſe of the Priim, no Man ever doubt- 
ed: it being generally allowed, that Light by 
ſuch Reflexions ſuffers no alteration in its Mo- 
difications and Properties. I do not here take 
notice of any Refractions made in the ſides of 
the firſt Priſm, becauſe the Light enters it per- 
pendicularly at the firſt ſide, and goes out per- 
pendicularly at the ſecond ſide, and therefore 


ſuffers none. So then, the Sun's incident Light 


being of the ſame Lemper and Conſtitution 
With his emergent Light, and the laſt being 
compounded of Rays differently refrangible, the 
firſt muſt be in like manner compounded. 

Illuſtration, In the twenty firſt Figure, ABC 
is the firſt Priſm, BC its Baſe, B and C f 

5 8 equa 


Equal 
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Equal Angles at the Baſe, each of 45 Degrees, 
its rectangular Vertex, FM a beam of the 
bun's Light let into a dark Room through a 
hole F one third part of an Inch broad, M its 
Incidence on the Baſe of the Priſm, MG a leſs 
befracted Ray, MH a more refracted Ray, MN 
the beam of Light reflected from the Baſe, 
VX Y the ſecond Priſm by which this beam in 
bailing through it is refracted, N- the leſs re- 
racted Light of this beam, and Ny the more 
refracted part thereof. When the firſt Priſm 
ABC is turned about its Axis according to the 


r © TW OY 


it Nerder of the Letters ABC, the Rays MH e- 
. nerge more and more obliquely out of that 


Emergence are reflected towards N, and going 


d en to % do increaſe the number of the Rays 
a- 7. Afterwards by continuing the Motion of 
de Nie firſt Priſm, the Rays MG are alſo reflected 
t- Mo N and increaſe the number of the Rays NT. 


of er this Compoſition is of the ſame nature with 


er- {Wie Sun's immediate Light FM, the Reflexion 
er- If the ſpecular Baſe B C cauſing no alteration 


re herein. e 
ht Exper. 10. Two Priſms, which were alike 
on Ein ſhape, I tied ſo together, that their Axes and 
ns pppolite Sides being parallel, they compoſed a 
the arallelopiped. And, the Sun ſhining into my 


Wark Chamber through a little hole in the Win- 


BC ow.-ſhut, I placed that Parallelopiped in his 
its Peam at {ome diſtance from the hole, in ſuch a 
CCC 


Prim, and at length after their molt oblique 


And therefore the Light MN admits into its 
Compoſition , firſt the more retrangible Rays, 
and then the leſs refrangible Rays, and yet af- 


43 
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by continuing the Motion of the two Prim 
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poſture that the Axes of the Priſms might bl 
perpendicular to the incident Rays, and tha 
thoſe Rays being incident upon the firit Side 
of one Priſm, might go on through the tw 
contiguous Sides of both Pritms, and emerge 
out of the laſt Side of the ſecond Priim. Thi. 
Side being parallel to the firſt Side of the fir{ 
Priſm, cauſed the emerging Light to be para 
lel to the incident. Then, beyond theſe tw 


Priſms I placed a third, which might refrac 77 
that emergent Light, and by that Refraciionlh 9 


caſt the uſual Colours of the Priſm upon th: 
oppoſite Wall, or upon a ſheet of white Pape 
held at a convenient diſtance behind the Priſ 
for that refracted Light to fall upon it. Aﬀet 
this I turned the Parallelopiped about its Axis 
and found that when the contiguous Sides 0 
the two Priſms became fo oblique to the inci 
dent Rays that thoſe Rays began all of them tai 
be reflected, thoſe Rays which in the third 
Priſm had ſuffered the greateſt Refraction and 
painted the Paper with violet and blue, wer 
firſt of all by a total Reflexion taken out of thai 
tran{mitted Light, the reſt remaining and o 
the Paper painting their Colours of green, yell 
low, orange, and red as before; and afterward 


the reſt of the Rays alſo by a total Reflexio 
_ vaniſhed in order, according to their degree 
of Refrangibility. The Light therefore whic 
emerged out of the two Priſms is compound 
ed of Rays differently refrangible, ſeeing tha 

more refrangible Rays may be taken out of il 
while the leſs refrangible remain. . cy 


1 


ehe being trajected only through the parallel 
hd uperficies of the two Prifms, if it ſuffer'd any 
.- Wange by the Refraction of one Superficies it 
ut that impreſſion by the contrary Refraction 
„o the other ouperticies, and fo being reſtor d 
Fü) its priſtine Conſtitution became of the ſame 
{ſure and condition as at firſt before its Inci- 

lence on thoſe Priſms; and therefore, before 
s Incidence, was as much compounded of 
ays differently refrangible, as afterwards. _ 


wal 
TW 


rac s AS. 
110 Illuftratzon. In the twenty fecond Figure 
th \BC and B CD are the two Priſms tied toge- 


ler in the form of a Parallclopiped, their Sides 
MC and CH being contiguous, and their Sides 
te and CD parallel. And EI] K is the third 

mim, by which the Sun's Light propagated 
rough the hole F into the dark Chamber, and 
ine gere paſſing through thoſe ſides of the Priſms 
id BC, CB and CD, is refracted at O to 
bird white Paper P T, falling there partly upon 
and da greater Refraction, partly upon T' by a 
Were tl Refraction, and partly upon R and other in- 
F 1M ediate places by intermediate Refractions. 
o urning the Parallelopiped A CBD about its 
vel according to the order of the Letters A, 
ard B, at length when the contiguous Planes 
in & 24+ C B become ſufficiently oblique to the 
io F M, which are incident upon them at M,. 
grces fre will vaniſh totally out of the refracted 
ich&t OPT, firſt of all the moſt refracted Rays 
und P, (the reſt O R and O T remaining as be- 
g the Ne) then the Rays O R and other intermedi- 
of in ones, and laſtly, the lealt refracted Rays OT. 
- chil when the Plane B C becomes ſuthciently 
Lig ß „ oblique 


ape! 


\ x1S 
8 0 


MO, and therefore doth alſo conſiſt of Rays 
differently refrangible. "Theſe two Lights FM 


the moſt refrangible Rays begin to be totally 


38 


oblique to the Rays incident upon it, thoſe I p 1 

Rays will begin to be totally reflected by it to- 
wards N; and firſt the moſt refrangible Rays coſt 
will be totally reflected (as was explained in 
the preceding Experiment) and by conſequence 
mult firſt diſappear at P, and afterwards the blue 
reſt as they are in order totally reflected to N. 


they muit diſappear in the fame order at RE 115 
and T. So then the Rays which at O ſiuf. ow 


fer the greateſt Refraction, may be taken out eg; 
of the Light MIO whilſt the reſt of the Rays and 
remain in it, and therefore that Light MO 
is compounded of Rays differently refrangi- 
ble. And becauſe the Planes A B and C DEG, 
are parallel, and therefore by equal and con- 
trary Refractions deſtroy one anothers Ef. 
fects, the incident Light F M muſt be of the 
ſame kind and nature with the emergent Light 


and MO, before the moſt refrangible Rays are 
ſeparated out of the emergent Light M O, a 
gree in colour, and in all other properties {of 
far as my obſervation reaches, and therefore 
are deſervedly reputed of the ſame nature and 
conſtitution, and by conſequence the one i 
compounded as well as the other. Bu, atten 


reflected, and thereby ſeparated out of the e. 
mergent Light MO, that Light changes its co 
lour from white to a dilute and faint yellow; 
a pretty good orange, a very full ned ſucceſ 
ſively and then totally vaniſhes. For after the 
molt refrangible Rays which paint the 4 25 ä 
e TIO] Bf 


E 


dle p with a purple Colour, are by a total Refle- 
to. xion taken out of the beam of Light M O, the 
a)8 reſt of the Colours which appear on the Paper 
ing at R and T being mix'd in the Light MO 
ce compound there a faint yellow, and after the 
tneY blue and part of the green which appear on the 
Paper between Pand R are taken away, the reſt 
which appear between Rand- T' (that is the yel- 
low, orange, red and a little green) being mix- 
ed in the beam MO compound there an orange; 
and when all the Rays are by Reflexion taken 
out of the beam M O, except the leaſt refran- 
'Weible, which at T appear of a full red, their 
Colour is the ſame in that beam MO as after- 
"Mvards at T, the Refraction of the Priſm H] K 
Jerving only to ſeparate the differently refran- 
gible Rays, without making any alteration in 
their Colours, as ſhall be more fully proved 
hereafter. All which confirms as well the firſt 
Fropofition: as the ſecond ET 

Scholium. If this Experiment and the former 
Je conjoined and made one by applying a fourth 
Priſm VXY [in Fig. 22.] to refract the reflect- 
ed beam MN towards 7, the concluſion will 
be clearer. For then the Light Ny which in 
the fourth Priſm is more refracted, will become 
ler and ſtronger when the Light OP, which 
n the third Priſm H] K is more retracted, va- 
Wiſhes at P; and afterwards when the leſs re- 
Inted Light O T vaniſhes at T, the leſs re- 
| acted Light Nr will become encreafed whilit 
lhe more refracted Light at p receives no far- 
ner encreaſe. And as the trajected beam MO 
m vaniſhing is always of ſuch a Colour as ought 
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to reſult from the mixture of the Colours which 
fall. upon the Paper PT, fo is the reflected 
beam MN always of ſuch a Colour as ought to 
reſult from the mixture of the Colours which 
fall upon the Paper pt. For when the mot 
refrangible Rays are by a total Reflexion taken 
cout of the beam MO, and leave that beam of 
an orange Colour, the Exceſs of thoſe Rays in 
the reflected Light, does not only make the 
violet, indigo and blue at p more full, but alſo 
makes the beam MN change from the yellowiſh 
Colour of the Sun's Light, to a pale white in- 
clining to blue, and afterward recover its yel. 
lowiſh Colour again, fo ſoon as all the reſt of the 
tranſmitted Light MOT is reflected. 
Now ſceipg that in all this variety of Expe- 
riments, whether the Trial be made in Light 
reflected, and that either from natural Bodies, 
as in the firſt and fecond Experiment, or ſpe. 
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fror 


| 10} 


flex 


ſorts 


| Refi 
than 
refre 
ing! 
jecte 
ceſſi 
are 1 
follo; 
the { 
| the I 
Sun's 
: Rays, 
cular, as in the ninth; or in Light refradcted, rang 
and that either before the unequally refracted# _ 
Rays are by diverging ſeparated from one an- = 

other, and loſing their whiteneſs which they 

have altogether, appear ſeverally of ſeveral Co- 
Hours, as in the fifth Experiment; or after they 

arc {eparated from one another, and appear co 

lour'd as in the ſixth, ſeventh, and eighth Ex 
_ periments ; or in Light trajected through para 
le} Superficies, deſtroying each others Etiecis 

as in the tenth Experiment; there are alway 


found Rays, which at equal Incidences on the, 
{ame Medium ſuffer unequal Refractions, and 
that without any ſplitting or dilating of ſing 

-, Rays, or contingence in the inequality of 5 
| — — en 
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+; © Refractions, as is proved in the fifth and fixth 
Experiments. And ſeeing the Rays which du- 
o fer in Refrangibility may be parted and ſorted 
h © from one another, and that either by Refra- 
t ction as in the third Experiment, or by Re- 


n © flexion as in the tenth, and then the feveral 


of | forts apart at equal Incidences ſuffer unequa! 
in | Refractions, and thoſe forts are more retracted 
je than others after ſeparation, which were more 
ſo refracted before it, as in the ſixth and follow 


| ing Experiments, and if the Sun's Light be tra- 


n- Jjected through three or more croſs Priſms ſuc- 
el. Jceſſively, thoſe Rays which in the firit Priſm 
he Fare refracted more than others, are in all the 
following Priſms refracted more than others in 
pe. the fame rate and proportion, as appears by 
aht the fifth Experiment; it's manifeſt that the 


Rays, ſome of which are conſtantly more re- 
ed, frangible than others, as was propoſed. _ 
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co; flexibility, and thoſe Rays are more roflemible 
EV ban others which are mare refrangible. 


ment, by turning the Priſm abour its Axis, un- 
Bi the Rays within it which in going out into 
Ihe Air were refracted by its Baſe, became ſo 
polique to that Baſe, as to begin to be totaly 


Sy 
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L. 2 — reflected 
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es, Sun's Light is an heterogeneous mixture of 


hej The Sun's Light conſiſts of Rays differing in Re- 


| HIS is manifeſt by the ninth and tenth: 
1 Experiments: For in the ninth Experi- 
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reflected thereby; thoſe Rays became firſt of 
all totally reflected, which before at equal In- 
cidences with the reſt had ſuffered the greateſt Þ 
Refraction. And the ſame thing I in the 

ale of the 


Reilexion made by the common 
two Priſms in the tenth Experiment. 


OF TEE AT EB IA CL OLE EOEEED 


PN O P. N. Pros. I. 


To ſeparate from one another the heterogeneous 


Rays of compound Light. 


HE heterogeneous Rays are in ſome mea-i 
= ture {ſeparated from one another by the -.: 
Keiraction of the Priſm in the third Experi- 


ment, and in the fifth Experiment by taking a- | 


way the Penumbra from the rectilinear ſides of 


the coloured Image, that ſeparation in thoſe ve. 


ry rectilinear ſides or {ſtraight edges of the I 


mage becomes perfect But in all places be. 


tween thoſe rectilinear edges, thoſe innumera- 


ble Circles there deſcribed, which are ſeveral 
ty Yluminated by homogeneal Rays, by interfe. 


ring with one another, and being every where 
commix'd, do render the Light ſufficienth : 
compound. But if theſe Circles, whilſt their 

Centers keep their diſtances and poſitions, could 

be made leſs in diameter, their interfering one 
with another and by conſequence the mixture 
of the heterogeneous Rays would be propor- 


tionally diminiſh'd. In the twenty third Figure 
let AG, BH, C., DK, EL, F M be the Cir 

cles which ſo many ſorts of Rays flowing fron 

| 5 1 
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ol the ſame diſque of the Sun, do in the third 


n.: Experiment illuminate ; of all which and in- 


el numerable other intermediate ones lying in a 


he continual Series between the two rectilinear 
he and parallel edges of the Sun's oblong Image 


PT, that Image is compos'd as was explained 
in the fifth Experiment. And let 4 g, bh, c i, 
4, e, Fm be ſo many leſs Circles lying in a 
like continual Series between two parallel right 
Lines a Fand g m with the fame diſtances be- 
HE tween their centers, and illuminated by the 
ſame ſorts of Rays, that is the Circle 2 g with 
| the lame {ſort by which the correſponding Cir- 


Fw cle A was illuminated, and the Cirele & þ 
r. with the fame fort by which the correſponding 
. Circle BH was illuminated, and the reſt of the 
o Circles c 2, 4 kh, el, f m reſpectively, with the 


I ponding Circles CJ, D K, E L, FM were il- 
be. luminated. In the Figure P compoſed of the 
chree ſorts of Rays by which thoſe Circles are 
| lorts of intermediate Rays, are mixed at QR 
im the middle of the Circle B H. And the like 


ud! mxture happens throughout almoſt the whole 


t compoſed of the leſs Cycles, the three leſs 


greater, do not extend into one another; nor 


+ 


ſame ſorts of Rays by which the ſeveral corre- 


greater Circles, three of thoſe Circles A G, BH, 
, are ſo expanded into one another, that the 
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illuminated, together with other innumerable 


length of the Figure PT. Bat in the Figure 
Circles 4 g, G h, ci, which anſwer to thoſe three 
ae there any where mingled ſo much 28 any 


two of the three ſorts of Rays by whſch thoſe 
E” 5 E cles 


* 2 — 2 


from the middle of his 


N 


des are inaminatedl. and which in the Figure 4 


1 1 are all of them intermingled at B H. 


Now he that ſhall thus conſider it, will eaſij 
underſtand that the mixture is diminiſhed in 
the ſa ne proportion with the Diameters of the 
If the Diameters of the Circles whilt 
their Centers remain the ſame, be made three 


þ diſtin 
the | 
£15, EN 
ſtinct 
mans 
Spec 
For the on a 
near 
Expe 
umbi 
1y to 
the 
hole 
follo 


= Circles. 


times leſs than before, the mixture will be alſo 
three times leſs; if ten times leſs, the mixture 
will be ten times leſs, and ſo of other propor. 
tions. That is, the mixture of the Rays in the 
greater Figure PT will be to their mixture in 
the leſs p r, as the Latitude of the greater Fi. 
gure is to the Latitude of the leſs. 
Latitudes of theſe Figures are equal to the Di. 
ameters of their Circles. And hence it ealily 
follows, that the mixture of the Rays 1n the re- 
tracted Spectrum t is to the mixture of the 
Rays in the direct and immediate Light of the 
Sun, as the breadth of that Spectrum is to the 
difference between the length and breadth of 
the ſame Spectrum. 

So then, if we would diminiſh the mixture 
of the Rays, we are to diminiſh the Diameter 
of the Circles. Now theſe would be diminiſh: 
ed if the. Sun's Diameter to which they anſwer 
could be made leſs than it is, or (which comes 
to the ſame purpoſe) if without doors, at 1 


Ml x great diſtance from the Priſm towards the Sun, 


1ome opake Body were placed, with a round 
hole in the middle of it, to intercept all the 
Sun's Light, "oh ſo much as coming 

ody could paſs throug 


dark 
in m 


E. 


Feet 
hic 
y ca 
the. 
from 
; renc 
hic 
The 
Priſt 
refra 


elracted either upwards or fideways, and there- 
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that hole to the Priſm. For ſo the Circles A G, 
BH and the reſt, would not any longer anſwer 
to the whole Diſque of the Sun, but only to 
that part of it which could be ſeen from the 
Priſm through that hole, that it is to the appa- 
rent magnitude of that hole view'd from the 
Priſm. But that theſe Circles may anſwer more 
diſtinctly to that hole, a Lens is to be placed b 
the Priſm to caſt the Ima 
Js, every one of the Circles AG, B H, Sc.) di- 
ſtinctly upon the Paper at P T, after ſuch a 
manner as by a Lens placed at a Window the 
Species of Objects abroad are caſt diſtinctly up- 
on a Paper within the Room, and the rectili- 
near Sides of the oblong ſolar Image in the fifth 
Experiment became diſtinct without any Pen- 
-Fumbra. If this be done it will not be neceſſa- 


ge of the hole, (that 


ry to place that hole very far off, no not beyond 


the Window. And therefore inſtead of that 
hole, I uſed the hole in the Window-ſhut as 


— ne 2 
Exper. 11. In the Sun's Light let into my 
darkned Chamber through a {mall round hole 


Feet from the Window, I placed a Lens, b 
y caſt upon a Sheet of white Paper, placed at 


the diſtance of ſix, eight, ten or twelve Feet 
from the Lens. For according to the diffe- 


Irence of the Lenſes I uſed warious diſtances, _ 


Iwhich I think not worth the while to! deſcribe. 
Then immediately after the Lens I placed a 
Priſm, by which the trajected Light might be 


by 


tin my Window-ſhut , at about ten or twelve 


which the Image of the hole might be diſtinct- 
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oh BEI ”— 
by the round Image which the Lens alone did 
caſt upon the Paper might be drawn out into a 
long one with parallel Sides, as in the third Ex HI 
periment. This oblong Image I let fall upon 
another Paper at about the ſame diſtance fron 
the Priſm as before, moving the Paper either 
towards the Priſm or from it, until I found the 
jult diſtance where the rectilinear Sides of th 
Image became molt diſtinct. For in this ca 
the circular Images of the hole which compo 
that Image after the ſame manner that the Cir 
cles 4 g, 6h, ci, &c. do the Figure r [in Fu 
23. ] were terminated: molt diſtinctly withou 
any Penumbra, and therefore extended int 
one another the leaſt that they could, and bY 
_ conſequence the mixture of the heterogeneou 
| Rays was now the leaſt of all. By this mean 
[ uſed to form an oblong Image (ſuch as is 
[in Fig. 23, and 24.] of circular Images of ti 
hole (ſuch as are 2g, 4h, c i, &c.) and by uf 
ling a greater or leſs hole in the Window. hu 
| made the circular Images 4 g, & b, ci, &c. of 
which it was formed, to become greater or |: 
at pleaſure, and thereby the mixture of th 
Rays in the Image p 7 to be as much or as lit; 
2351 endo EE: ALOE 
Illuſtration. In the twenty fourth Figure, 
repreſents the circular hole in the Windo 
ſhut, MN the Lens whereby the Image or 8 
cies of that hole is caſt diſtinctly upon a Pa 
at J, ABC the Prifm whereby the Rays are W 
their emerging out of the Lens refracted frol 
J towards another Paper at p ;, and the ro! Yer i 
Image at] is turned into an oblong Imager [ tub} 
— ͤ — — | — —— — 
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filling on that other Paper. This Image y? con- 
bits of Circles placed one after another in a re- 
Eilinear order, as was ſufficiently explained in 
the fifth Experiment; and theſe Circles are e- 
qual to the Circle )], and conſequently anſwer 
magnitude to the hole F; and therefore by 
liminiſhing that hole they may be at pleaſure 


the liminiſhed, whilſt their Centers remain in their 


aWlaces. By this means I made the breadth of 
Ve Image pf to be forty times, and ſometimes 
ua or {eventy times leſs than its length. As for 
F188 
zou 
nic hole be 12 Feet; and if p B or pM the di- 
| bi 
eou 
\caniif 
; e 7 
f thWngth about fix Inches, and therefore the 
by 1 tnoth to the breadth as 72 to 1, and by conſe- 
ence the Light of this Image 7: times leſs 
CC. 0 
or l 
of tl 
; litt 


e 10 Feet, and the refracting Angle of the 
iim be 62 Degrees, the breadth of the J- 


icht thus far ſimple and homogeneal, is ſuffi- 


pout ſimple Light. For the compoſition of 
kterogeneal Rays is in this Light 1o little that 
ure, 
ndoV 


fro inequalities of the Priſm. = 5 
Tout 
e 
ll = 


Paral- 


nance, if the breadth of the hole F be one tenth 
fan Inch, and MF the diſtance of the Lens from 


ance of the Image 7 7 from the Priſm or Lens 


age Þ t Will be one twelfth of an Inch and the 


pmpound than the Sun's direct Ligb „ 


ent for trying all the Experiments in this Book 


is ſcarce to be diſcovered and perceived by 
eule, except perhaps in the indigo and vio- 
r Spe. For theſe. being dark Colours, do eaſily 
pater a ſenſible allay by that little ſcattering 
are Nieht which uſes to be refracted irregularly by 


Yet inſtead of the circular hole F, 'tis better 
ſubſtitute an oblong hole ſhaped like a long 


" JESS 1 
b a . —— 
— . .—— WE _ 
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pt [in Fig. 25.] will now be form'd of equi; 
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Parallelogram with its length parallel to the 
Priſm AB C. For if this hole be an Inch or 
two long, and but a tenth or twentieth part off 

an Inch broad, or narrower: the Light of the 
Image p # will be as {imple as before, or fimpler,i 
and the Image will become much broader, and 
therefore more fit to have Experiments tried in 
its Light than before. AY 2 

Inſtead of this parallelogram hole may be ſub. 
ſtituted a triangular one of equal Sides, whoſe 
Baſe for inſtance is about the tenth part of an 
Inch, and its height an Inch or more. For by 
this means, if the Axis of the Priſm be parall: 
to the Perpendicular of the Triangle, the Image. 


crural Triangles 4 g, 4h, cz, dk,el, fm, & 
and innumerable other intermediate ones an 
ſwering to the triangular hole in ſhape and big 
neſs, and lying one after another in a continu; 
Series between two parallel Lines a F and g 
_ Theſe Triangles are a little intermingled at the! 
Baſes but not at their Vertices, and therefore 
the Light on the brighter ſide a F of the ImagY 
where the Baſes of the Triangles are, is a litt 
compounded, bur on the darker fide g is ah 
together uncompounded, and in all places be 
_ tween the ſides the Compoſition is proportio 

nal to the diſtances of the places from that ob 
ſcurer fide g n. And having a Spectrum . 

of ſuch a Compoſition, we may try Experiment 

either in its ſtronger and leſs ſimple Light nei 

the {ide af; or in its weaker and ſimpler Lig! 
near the other ſide g , as it ſhall ſeem mol 
nl,, 51 


. 

ut in making Experiments of this kind the 
hamber ought to be made as dark as can be, 
| any foreign Light mingle it ſelf with the 
ight of the Spectrum p 7, and render it com- 


leſs proportion to the foreign Light, and ſo 
che mixture of that Light be more troubled 
d made more compound. The Lens alſo 
acht to be good, ſuch as may ſerve for opti- 


ngle, ſuppoſe of 65 or 70 Degrees, and to be 
ubbles and veins, with its Sides not a little 
pnvex or concave, as uſually happens, but truly 
lane, and its Poliſh elaborate, as in working 


ptick- glaſſes, and not ſuch as is uſually wrought 
ih Putty, whereby the edges of the Sand- 


Wo of the Priſm and Lens fo far as they may 


ight of the Sun's beam let into the Chamber 


I 


und ; eſpecially if we would try Experiments 
the more {imple Light next the fide g of 
je Spectrum; which being fainter, will have 


| uſes, and the Priſm ought to have a large 


fell wrought, being made of Glaſs free from 


es being worn away, there are left all over 
e Glaſs a numberleſs company of very little 
Wonvex polite Riſings like Waves, The edges 


Wake any irregular Refraction, muſt be covered 
ith a black Paper glewed on. And all the- 


ach is uſeleſs and unprofitable to the Experi- 
nent, ought to be intercepted with black Pa- 
er or other black Obſtacles. For otherwiſe 
he uſeleſs Light being reflected every way in. 
be Chamber, will mix with the, oblong Spe- 
rum and help to diſturb it. In trying theſe 
lings ſo much diligence is not altogether ne- 
tlary, but it will promote the ſucceſs of the 


Experiments, and by a very ſcrupulous Examirlf 
er of things deſerves to be applied. It's difficyWas n 


therefore I uſed ſometimes priſmatick Veſſe 


III tuft part of this Propoſition has bee Lis 


ments which follow. 
made a round hole about a fifth or ſixth part of 


the Spectrum of homogeneal Light deſcribe 
in the former Propoſition, ſo to fall, that ſom 
part of the Light might paſs through the hol 
of the Paper. This tranſmitted part of th 
Light I refracted with a Priſm placed behind 
the Paper, a\d letting this refracted Light fa 
perpendicularly upon a white Paper two o 
three Feet diſtant from the Priſm, I found thi 


de Sp 
to get Glaſs Priſms fit for this purpoſe, and _ 
Light, 


reate 


made with pieces of broken Looking-glaſſs 
and filled with Rain Water. And to increa{ 


the Refraction, I ſometimes impregnated is L 


atatio 
| Ex; 
Pape 
ind ir 

ight 
Dione! 
[tan 
brous 
he OL 
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Water ſtrongly with Saccharum Saturn. 
CSC ISIS eee 
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Homogeneal Light is refracted regularly with 
ont any Dilatation ſplitting or ſhattering 
the Rays, and the confuſed Viſion of Objeft 
feen through refractiug Bodies by heterogened 
Light ariſes from the different Refrangibili 
. of ſeveral forts of Rays. 


already ſufficiently proved in the fifth Ex ; 
periment, and will farther appear by the Exper: 


Exper. 12. In the middle of a black Paper 


an Inch in diameter. Upon this Paper I caulea_ 


th 
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1 e Spectrum formed on the Paper by this Light 


xperiment) by retracting the Sun's compound 
Light, but was (ſo far as I could judge by my 
Lye) perfectly circular, the length being no 
Wreater than the breadth. Which ſhews that 
Wis Light is refracted regularly without any Di- 
ktation of the Rays. : 
| Exper. 13. In the homogeneal Light I placed 
| Paper Circle of a quarter of an Inch in diameter, 


icht I placed another Paper Circle of the ſame 
„„%ieneſs. And going from the Papers to the 
0 of 
Jet 
ene) ns eal L 
„Meng as in the fourth Experiment, the length 
ſeing many times greater than the breadth; but 


been ieh g ppeared circular and diſtinctly defined 
1 x8 wifen tis view'd with the naked Eye. 
peri! hich proves the whole Propoſition 


| Exper. 14. In the homogenegl Light | placed 


per | lies and ſuch like minute Objects, and view- 
irt ol 


auſed 


ribedſde naked Eye. The fame Objects placed in 


ſomeW'c Sun's unrefracted heterogeneal Light which 
holes white I viewed alſo through a Priſm, and 
the them moſt confuſedly defined, ſo that 1 
-hindÞ*uld not diſtinguiſh their ſmaller parts from 
t falzzne another. I placed alſo the Letters of a 


o ofÞÞall*print one while in the homogeneal Light 


| thaſſed then in the heterogeneal, and viewing them 
FCCFC Res Ow through 
Og 


vas not oblong, as when tis made (in the third 


ind in the Sun's unrefracted heterogeneal white 


Jiltance of ſome: Feet, I viewed both Circles 
rough a Priſm. The Circle illuminated by 
pe Sun's heterogeneal Light appeared very ob- 


nc other Circle illuminated with homogeneal 


bg them through a Priſm, I ſaw their parts as 
liinctly defined as if | had viewed them with 


Mcidences moſt refracted ; and ſo of the leaſt 


OWfrangible, and the reſt which have any mean 
gree of Refrangibility, as is manifeſt by the 


— 
— 


th, ſixth, ſeventh, and eighth, and ninth Ex- 
Wriments. And thoſe which the firſt time at 
e Incidences are equally refracted, are again 
like Incidences equally and uniformly refra- 
d, and that whether they be refracted be- 
re they be ſeparated from one another as in 
e fifth Experiment, or whether they be re- 
ed apart, as in the twelfth, thirteenth and 


EW. 


n 0Wrteenth Experiments. The Refraction there- 
duc of every Ray apart is regular, and what 
_ le that Refraction. obſerves we are now to 


for meaſuring of Refractions, or otherwiſe 


aint us that they have found it accurate. 


lame Proportion, 'tis to be preſumed that 


s we may conclude only that the Rays 


We are now to ſhew ther the like given 
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The late Writers in Opticks teach, that the 
es of Incidence are in a given Proportion 
the Sines of Refraction, as was explained in 
fifth Axiom; and ſome by Inſtruments fit- 


primentally examining this Proportion, do 


t whilft they, not underftanding the diffe- 
t Refrangibility of ſeveral Rays, conceived 
m all to be refracted according to one and 


adapted their meaſures only to the middle 
lhe refracted Light; ſo that from their mea- 


ch have a mean degree Of Refrangibility 5 

s thoſe which when ſeparated from the 
appear green, are refracted according to a 
n Proportion of their Sines. And there- 
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Proportions obtain in all the reſt. "That 
ſhould be ſo is very reaſonable, Nature bei 
ever conformable to her ſelf: but an expe 
mental Proof is deſired. And ſuch a Proj 
will be had if we can ſhew that the vines 
| Refraction of Rays differently refrangible af 
one to another in a given Proportion v 
their vines of Incidence are equal. For if 
Sines of Refraction of all the Rays are in gill 


Proportions to the Sine of Refraction of a! 


which has a mean degree of Refrangibility, 


this Sine is in a given Proportion to the eq 


Sines of Incidence, thoſe other Sines of Ret 


ction will alſo be in given Proportions tot 
equal Sines of Incidence. Now when the d 
of Incidence arc equal, it will appear by! 


following Experiment that the Sines of Ref 
ction are in a given Proportion to one 1 
thee. „ „ 


Exper. 15. The Sun ſhining into a & 
Chamber through a little round hole in 


Window-ſhut, let 8 [in Fig. 26.] repreſent 


round white Image painted on the oppo 


Wall by his direct Light, PT his oblong 


loured Image made by refracting that Li 


with a Priſm placed at the Window; and | 


or 2 P27, or 3p 37, his oblong colour'd Im 


made by refracting again the {ame Light | 
ways with a ſecond Priſm placed immediat 
after the firſt in a croſs poſition to it, t 
explained in the fifth Experiment: that | 
ſay, pt when the Refraction of the gcc 


Pr 1m 18 ſmall, 2 Þ 2 £ when its Refractio 


greater, and 3P 37 when it is greatell. 
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h will be the diverſiry of the Refractions if 


at 
ie refracting Angle of the ſecond Priim be of 
1 tous magnitudes; ſuppoſe of fifteen or ten- 


Degrees to make the Image pz, of thirty or 
Wrty to make the Image 2p 27, and of ſixty to 
e the Image 3p 37. But for want of ſolid 
Ws Priſms with Angles of convenient big- 
les, there may be Veſſels made of poliſhed 
ates of Glaſs cemented together in the form 
priſms and filled with Water. Theſe things 


„ig thus ordered, I obſerved that all the ſo- 
Re Images or coloured Spectrums PT, pt, 2p 


„ 3 % 3 £ did very nearly converge to the 
ce 8 on which the direct Light of the dun 
| and painted his white round Image when 


middle of it parallel to its rectilinear Sides, 
[ when produced pals exactly through the 


 Refraction of the ſecond Priſm was equal 
the Refraction of the firſt, the refracting An- 
of them both being about 60 Degrees, the 
ks of os Spectrum 35 3 t made by that Re- 
tion, did when produced pals alſo through 
middle of the fame white round Image 8. 
then the Refraction of the {econd Pritm 
$ leſs than that of the firſt, the produced 


of the Spectrums f p or 27 2 p made by 


; 4 t Refraction did cut the produced Axis of 
* Spectrum T'P in the points and u, a lit- 
5 oo Fond the center of that white round IL 
A ed. Whence the proportion of the Line 


7 
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E Priſms were taken away. The Axis of the 
ectrum PT, that is the Line drawn through 


adle of that white round Image 8. And when | 


[ to the Line 3% P was a little greater than x 
| j ca ooo 
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the Tangents of the Refractions, and therefo 


rived, they come out equal, ſo far as by vel 


cal Reaſoning I could eſtimate. For I didn 


far as appears by Experiment. And that i 
+ accurately true, may be demonſtrated uponi{Mit be 
Suppoſition, That Bodies refract Light H 

ing upon its Rays in Lines perpenatculari 


Ray into two Motions, the one perpendicy 
to the refracting Surface, the other parallMard 
it, and concerning the perpendicular Moq; lel t. 
lay down the following Propoſition. 


pendicular velocity of that Motion or I 


uays equal to the 


— 
— — — — 
: ray 
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the Proportion of 27 T to 2p P, and this N M. 

ortion a little greater than that of 7 T to WW anc 
Now when the Light of the Spectrum P' 
perpendicularly upon the Wall, thoſe Lin 
3 T, 3pP, and 27 T, 25 P and f I, pP, i 


by this Experiment the Proportions of the I- 
gents of the Refractions are obtained, fi 
whence the Proportions of the vines being 


ing the Spectrums and uſing ſome matheni 


make an accurate Computation. So then i 
Propoſition holds true in every Ray apart, 


their Surfaces. But in order to this Den 
ſtration, I muſt diſtinguiſh the Motion of «i 


If any Motion or moving thing whatſoev: 
incident with any velocity on any broad 


thin ſpace terminated on both ſides by tuo face. 

rallel Planes, and in its paſſage through Meme! 

ſpace be urged perpendicularly towards the 
t 


er Plane by any force which at given dil 
from the Plane is of given quantities; the And 


at its emerging out of that ſpace, ſhall b 
3 Root of the fi 
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the ſquare of the perpendicular velocity of that 


PM Motion or Thing at its Incidence on that ſpace ; 


op] and of the {quare of the perpendicular velocity 
' i which that Motion or Thing would have at its 


W Emergence, if at its Incidence its perpendigu- 
lar velocity was infinitely little. Fs 


Motion or Thing perpendicularly retarded in 
its paſſage through that ſpace, if inſtead of the 


lrence. The demonſtration Mathematicians will 
"3h Sr out, and therefore I ſhall not trouble 


lid the Reader with it. 

en WH Suppoſe now that a Ray coming moſt oblique- 
rt, Thy in the Line MC [in Fig. 1. ] be refracted at 
at C by the Plane R S into the Line C M, and if 
boni it be required to find the Line CE, into which 
any other Ray AC ſhall be refracted; let MC, 
11 AD, be the Sines of Incidence of the two Rays, 
Dem and NG, E F, their Sines of Refraction, and 
of ei let the equal Motions of the incident Rays be 
ndicWreprefented by the equal Lines M C and AC, 
ral and the Motion MC being conſidered as paral- 
Motel to the refracting Plane, let the other Motion 
LA C be diſtinguiſhed into two Motions A 


jand DC, one of which A is parallel, and the 
Wotner D C perpendicular to the refracting Sur- 
twoßz face. In like manner, let the Motions of the 


ug) emerging Rays be diitinguiſh'd into two, whereof 
1e the perpendicular ones are — CG and 2 CF. 


And if the force of the refracting Plane begins 


And the ſame Propoſition holds true of any 


ſum of the two Squares you take their diffe- 


to act upon the Rays either in that Plane or at 
certain diſtance from it on the one ſide, and 
ends at a certain diſtance from it on the other 


* 
X 


„„ 
ſide, and in all places between thoſe two limits 
acts upon the Rays in Lines perpendicular to 
that refracting Plane, and the Actions upon the 
Rays at equal diſtances from the refracting Plane 
be equal, and, at unequal ones either equal or 
unequal according to any rate whatever ; that 
Motion of the Ray which is parallel to the re. 
fracting Plane will ſuffer no Alteration by that Þ; 
force; and that Motion which is perpendicular 
to it will be altered according to the rule of the 
foregoing Propoſition. If therefore for the per. 
pendicular velocity of the emerging Ray CN 
you write _ CG as above, then the perpendi- 
cular velocity of any other emerging Ray CE 


which was = CF, will be equal to the ſquare Ilie 
Root of CD q + 7555 CG 4. And by ſquaring 
theſe Equals, and adding to them the Equals 
ADgand MCq - CD 3, and dividing the 
 Sums by the Equals CF q + EF and CG 9+ 


2 Reon en 
NG, you will have equal to . Whence 


A D, the Sine of Incidence, is to E F the Sine 

_ of Refraction, as MC to N G, that is, in a given 
ratio. And this Demonſtration being general, 
without determining what Light is, or by what 
kind of force it is refracted, or aſſuming any , 
thing farther than that the refracting Bod) 
acts upon the Rays in Lines perpendicular to it n 
Surface; I take it to be a very convincing Argu- 
ment of the full truth of this Propoſition 
S8o then, if the ratio of the Sines of Inch, 
dence and Refraction of any ſort of Rapp veil 
” r 


CM ] 


bund in any one caſe, *tis given in all caſes; 
to Ind this may be readily found by the method 
the n the following Propoſition. 5 


* IOGIEDIIEDCIDIICDIIDIDDoa 
hat Þ PROP. VII. Trror. VI. 
re- 


difereut Refrangivility of the Rays of Light. 
IHF Imperfection of "Teleſcopes is vul- 
Ni the Glaſſes, and therefore Mathematicians 


oy have propounded to figure them by the coni- 
ad: al Sections. To new that they are miſtaken, 


CEW have inſerted this Propoſition; the truth of 


late Which will appear by the meaſures of the Re- 


I:Ctions of the ſeveral ſorts of Rays; and theſe 


ring Peaſures I thus determine. 
In the third Experiment of the firſt Book, 


Degrees, the half of that Angle 31 deg. 15 
in. is the Angle of Incidence of the Rays at 
heir going out of the Glaſs into the Air; and 
he Sine of this Angle is 5188, the Radius being 


0 that at their Emergence out of it, I obſerved 
"1th a Quadrant the Angle which the mean re- 


e Horizon and by this Angle and the Sun's al- 
tude obſerved at the ſame time, I found the 


1 \ngle which the emergent Rays contained with 
und FF 


De Perfection of Teleſcopes 1s impeded by the 


garly attributed to the ſpherical Figures: 


chere the refracting Angle of the Priſm was 


0000, When the Axis of this Priſm was pa- 
allel to the Horizon, and the Refraction of 
he Rays at their Incidence on this Priſm equal 


Þangible Rays (that is, thoſe which went to the 
middle of the Sun's coloured Image) made with 


: 
| 
4 
: 
of ' 
4 
a | 
is 
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the incident to be 44 deg. and 40 min. and theſrere 
half of this Angle added to the Angle of inci. 
dence 31 deg. 15 min. makes the Angle of Re 
fraction, which is therefore 53 deg. 35 min. and 
its Sine 8047. Theſe are the vines of Incidence eiſ 
and Refraction of the mean refran21ble RV 
and their proportion in round numbers is 20 
31. This Glaſs was of a colour inclining toi 
green. The laſt of the Priſms mentioned in tir 
third Experiment was of clear white Glaſs. ItWr 
refracting Angle 63+ Degrees. The Angle which 
the emergent Rays contained, with the incident 
45 deg. 50 min. The Sine of half the firſt An 
gle 5262, The Sine of half the ſum of the An- 
gles 8157. And their proportion in round num. 
bers 20 to 31, as before. 
From the length of the Image, which was a 
bout 94 or 10 Inches, ſubduct its breadth, whicl 
was 2+ Inches, and the remainder 7: Inche: 
would be the length of the Image were the du 
but a point, and therefore ſubtends the Ange 
which the molt and Icaſt refrangible Rays, when 
incident on the Priſm in the fame Lines, dc 
contain with one another after their Emergence 
WMW hence this Angle is 2 deg. O. 7“. For ti 
diſtance between the Image and the Pril 
where this Angle is made, was 185 Feet, anc 
at that diſtance the Chord a Inches ſubtendsa 
Angle of 2 deg. O. 7”, Now half this Angle 
the Angle which theſe emergent Rays conta 
with the emergent mean refrangible Rays, an 
a quarter thereof, that is 30. 2“. may be ac 
counted the Angle which they would conta 
with the ſame emergent mean refrangible Ray 
an . 


731 | 
thefſWrcre they co-incident to them within the Glaſs 
nc. nd ſuffered no other Retraction than that at 
Re. leir Emergence. For if two equal Refractions, 
ande one at the Incidence of the Rays on the 
nee 
99 
© to 
+ to 
1the 

IWrangible Rays, which was 53 deg. 35 gives 
niche Angles of Refraction of the molt and leaſt 
dentiWetrangible Rays 54 deg. 5 2“, and 53 deg. 4 58", 
ArWrhole Sines are 8099 and 7995, the common 
Ar. 
aum 


tic Angle 2 deg. o. 7“. then one of thoſe Re- 
[ra-tions will make about a quarter of that An- 
ple, and this quarter added to and ſubducted 


pumbers are in proportion to one another, as 
pb and 77 to 50. 3 


"a8 4 DD 
Now if you ſubduct the common Sine of In- 
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wen 


Nefractions the Refraction of the leaſt refran- 
able Rays is to the Refraction of the moſt re- 


7:th part of the whole Refraction of the mean 
efrangible Rayͤ⸗s. „ 


alily underſtand, that the breadth of the leaſt 


reular ſpace into which Object-glaſſes of Te- 


Pout the 272th part of half the Aperture of the 


P:iſm, the other at their Emergence, make half 


from the Angle of Refraction of the mean re- 


Angle of Incidence being 31 deg. 15 and its 
dine 5188; and theſe Sines in the leaſt round 


dence 50 from the Sines of Refraction 77 and 
rs, the remainders 27 and 28 ſhew that in ſmall 


rangible ones as 27 to 28 very nearly, and that 
he difference of the Refractions of the leaſt re- 
nangible and moſt refrangible Rays is about the 


Whence they that are skilled in Opticks will 


ſcopes can collect all forts of parallel Rays, is 


laſs, or 55th part of the whole Aperture; and 
at the Focus of the moſt refrangible Rays is 
0 — . + nearer - 


is. 

"1 

: - 
I” 1 
' 
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__ 275th part of the diſtance of the Focus of the 


4 


nearer to the Object-glaſs than the Focus of the ¶ frang 
leaſt refrangible ones, by about the 272th part £10; 1 
of the diſtance between the Object-glaſs and the ¶ place 
Focus of the mean refrangible ones. Rays 
And if Rays of all forts, flowing from any {itanc: 
one lucid point in the Axis of any convex Lens Was fix 
be made by the Refraction of the Lens to con-: ¶ from 
verge to points not too remote from the Lens, two | 
the Focus of the moſt refrangible Rays ſhall be ¶ from 
nearer to the Lens than the Focus of the lealt N that i 
refrangible ones, by a diſtance which is to the {ot fix 
the L 
betwe 
land t 
which 
Wy 51 
ſure v 
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mean refrangible Rays from the Lens as the di- 
{tance between that Focus and the lucid point 
from whence the Rays flow is to the diſtance 
between that lucid point and the Lens very 
nearly. 5 „„ 
Nc to examine whether the difference be- 
tween the Refractions which the moſt refrangi- 
ble and the leaſt refrangible Rays flowing from 
the ſame point ſuffer in the Object-glaſſes of 
Teleſcopes and ſuch like Glaſſes, be fo great as 
is here deſcribed, I contrived the following E 
xzBS CMM. 
Exper. 16. The Lens which I uſed in the ſe 
cond and eighth Experiments, being placed (1! 
Feet and an Inch diſtant from any Object, co- 
lected the Species of that Object by the mea 
refrangible Rays at the diſtance of fix Feet and 
an Inch from the Lens on the other fide. Ant 
therefore by the foregoing Rule it ought to coc 
lect the Species of that Object by the lealt fe, 
frangible Rays at the diſtance of fix Feet anWtarte 
35 Inches from the Lens, and by the moſt e ted 
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ö frangible ones at the diſtance of five Feet and 


10 Inches fromit: So that between the two 
places where theſe leaſt and moſt refrangible 


Rays collect the Species, there may be the di- 


ſtance of about 5+ Inches. For by that Rule, 
as fix Feet and an Inch (the diſtance of the Lens 
from the lucid Object) is to twelve Feet and 
two Inches (the diſtance of the lucid Object 
from the Focus of the mean refrangible Rays) 
chat is, as one is to two, ſo is the 275th part 
of ſix Feet and an Inch (the diſtance between 
the Lens and the ſame Focus) to the diſtance 
between the Focus of the moſt refrangible Rays 
and the Focus of the leaſt refrangible ones, 
which is therefore 55 Inches, that is very near- 
Bly 5; Inches. Now to know whether this mea- 


Experiment with coloured Light, which was 
95 lleſs compounded than that I there made uſe 


of: For I now ſeparated the heterogeneous 


oi Rays from one another by the method I de- 


taz ſribed in the eleventh Experiment, fo as to 


make a coloured Spectrum about twelve or fif- 


caſt on a printed Book, and placing the above- 


ze um 
and tance on the other fide, I found that the Spe- 
AndFcies of the Letters illuminated with blue were 


nearer to the Lens than thoſe illuminated with 
Neep red by about three Inches or three and a 
quarter: but the Species of the Letters illumi- 


/ 


ure was true, I repeated the ſecond and eighth 


teen times longer than broad. This Spectrum 


mentioned Lens at the diſtance of tix Feet and 
In Inch from this Spectrum to collect the Spe- 
cles of the illuminated Letters at the ſame di- 


pated with indigo and violet appeared fo con- 
| e El fuſed 
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EE 3 
fuſed and indiſtinct, that I could not read them: 
was 


Whereupon viewing the Priſm, I found it v 
full of Veins running from one end of ths Git * k 
ee t 


to the other; ſo that the Refraction coul WE 
be regular. I took another Priſm ue not? 
which was free from Veins, and inſtead of the Nest 
Letters I uſed two or three parallel black Lines there 
a little broader than the ſtroakes of the Let. Es 
ters, and caſting the Colours upon theſe Lines pins 
In ſuch manner that the Lines ran along the {ſome 

Colours from one end of the Spectrum to the! part] 
other, I found that the Focus where the indigo Lig! 
or confine of this Colour and violet caſt delt 
Species of the black Lines molt diſtinctly, to * 
be about four Inches or 45 nearer to the 1 WEL 
than the Focus where the deepeſt red caſt the [fore 
Species of the fame black Lines molt diſtinct. [Peri 
ly. The violet was ſo faint and dark, that] [aid 
could not diſcern the Species of the Lines di neou 
ſtinctiy by that Colour; and therefore con Neft 
dering that the Priſm was made of a dark co-· Role 
loured Glaſs inclining to green, I took another , 
Priſm of clear white Glaſs; but the Spectrum; conf 
of Colours which this Priſm made had org g 
white ſtreams of faint Light ſhooting out from [here 
both ends of the Colours, which made me con coul 
clude that ſomething was amiſs; and viewing) 
the Priſm, I found two or three little bubbles Cole 
in the Glaſs which refracted the Light irregu. ane 
larly. Wherefore I covered that part of the Gla there 
with black Paper, and letting the Light pals ag 
| through another part of it which was free tron lan 
ſuch bubbles, the Spectrum of Colours became one. 


free from thoſe irregular Streams of Light, and — 
e ms of ae "dec 


n. Wwas now ſuch as I deſired. But ſtill J found 
che violet fo dark and faint, that J could ſcarce 

ſee the Species of the Lines by the violet, and 
00 not at all by the deepelt part of it, which was 
re next the end of the Spectrum. I ſuſpected 

therefore that this faint and dark Colour might 
be allayed by that ſcattering Light which was 


el. refracted, and reflected irregularly, partly by 
1” Wome very {mall bubbles in the Gia es, and 
the partly by the incqualities of their Poliſh : which 
* mickey 3 
tue Light, tho' it was but little, yet it being of a 
© W white Colour, might ſuffice to affect the Senſe 
che ſtrongly as to diſturb the Phenomena of that 
o weak and dark Colour the violet, and there- 
ens fore J tried, as in the 12th, 13th and 14th Ex- 
the periments, whether the Light of this Colour 
net did not conſiſt of a ſenſible mixture of heteroge- 
at neous Rays, but found it did not. Nor did the 
4 Refractions cauſe any other ſenſible Colour than 


Violet to emerge out of this Light, as they 

"MW would have done out of white Light, and by 
conſequence out of this violet Light had it been 

ſenſibly compounded with white Light. And 


long therefore I concluded, that the reaſon why I 
ro could not ſee the Species of the Lines diſtinct- 
CY by this Colour, was only the darkneſs of this 
wr Colour and thinneſs of its Light, and its di- 
DIY dance from the Axis of the Lens; I divided 
010 therefore thoſe parallel black Lines into equal 
dad Parts, by which I might readily know the di- 
Rs W fances of the Colours in the Spectrum from 
"0" one another, and noted the diſtances of the 
; 11 Lens from the Foci of ſuch Colours as caſt the 
u Pecies of the Lines diſtinctly, and then conſi- 


-aered-. 
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the deepeſt red and violet ought to have from 


the greateſt diſtance of the deepeſt red and 
Spectrum, that 1s, to the length of thoſe Side; 


its breadth. And my Obſervations were as fol. 
ſenſible red, and the Colour in the Confine 0! 


of the Spectrum was diſtant from it half the 


Lens than the Focus where the red caſt thoſe 
Lines diſtinctly on it by about 2+ or 2+ Inches 
For ſometimes the Meaſures were a little great. 


Foci, without ſome little Errors. Now if the 
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dered whether the difference of thoſe diſtance; 
bear {uch proportion to 5+ Inches, the greateſt 
difference of the diſtances which the Foct of 
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the Lens, as the diſtance of the obſerved Co- 
lours from one another in the Spectrum bear to 


violet meaſured in the rectilinear ſides of the 
or Exceſs of the length of the Spectrum above 


lows. © 
When I obſerved and compared the deepef 


green and blue, which at the rectilinear Sides 


length of thoſe Sides, the Focus where the Con- 
fine of green and blue caſt the Species of the 
Lines diſtinctly on the Paper, was nearer to the 


er, ſometimes a little leſs, but ſeldom varied 
from one another above - of an Inch. For it 
was very difficult to define the places of the 


Colours diſtant half the length of the Imago, 
(meaſured at its rectilinear Sides) give 22 r ſta 


difference of the diſtances of their Foci from 


| the Lens, then the Colours diſtant the wholeſP"* r 
length ought to give 5 or 5 Inches difference ©! 
of thoſe diſtances. ES ER 
But here it's to be noted, that I could not" © 
ſee the red to the full end of e 
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T3]. 


but only to the center of the Semicircle which 
bounded that end, or a little farther ; and 
therefore I compared this red not with that 
on{Colour which was exactly in the middle of the 
Co pectrum, or Confine of green and blue, but 
r toith that which verged a little more to the blue 
and than to the green: And as I reckoned the 
the hole length of the Colours not to be the whole 
de: ength of the Spectrum, but the length of its 
oe ectilincar Sides, ſo completing the ſemicircu- 
fi. Der Ends into Circles, when either of the ob- 
ſerved Colours fell within thoſe Circles, Imea- 
petÞurcd the diſtance of that Colour from the ſe- 
O nicircular end of the Spectrum, and ſubduct- 
iges ng half this diſtance from the meaſured di- 
theence of the two Colours, I took the remain- 
on. er for their corrected diſtance; and in theſe 
Obſervations ſet down this corrected diſtance 
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ces 
tell 
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the | F Se : | ; a 55 
the for the difference of the diſtances of their Foci 
ole from the Lens. For as the length of the recti- 
hee near Sides of the Spectrum would be the whole | 


length of all the Colours, were the Circles of 


5 Which (as we ſhewed) that Spectrum conſiſts 
it ontracted and reduced to phyſical Points, fo 
then that caſe this corrected diſtance would be the 
the eal diſtance of the two obterved Colour s. 
age M ben therefore] farther obſerved the deep- 
2 t ſenſible red, and that blue whoſe corrected 
rom diſtance from it was parts of the length of 
hole de rectilincar Sides of the Spectrum, the dif- 
once erence of the diſtances of their Foci from the 


Lens was about 3 Inches, and as 7 to 12 ſo is 
D to 54, | 8 N 3 i 


Wen 
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+ When I obſerved the deepeſt ſenſible u Mered 
j and that indigo whoſe corrected diſtance re! 
«+ or 5 of the length of the rectilinear Sides urs { 
the Spectrum, the difference of the diſtances of icht 
their Foci from the Lens, was about 3+ Inche Hop it 
$i; and s 1 to 3 10 15:35 to . __ ot 
| = When I oblerved the deepeſt ſenſible red Hack! 
and that deep indigo whoſe corrected diſtaneWade e 
from one another was =: or & of the length omigh 
the rectilinear Sides of the Spectrum, the difMine I 
ference of the diſtances of their Foci from tts, 
Lens was about 4 Inches; and as 3 to 4 ſo is M4 Cc 


fi -00-55+-- bs 7” e Sp 
When obſerved the deepeſt ſenſible red holt a 
[ and that part of the violet next the indigo let 
whoſe corrected diſtance from the red was Her 
| or g of the length of the rectilinear Sides of t Whe 


Spectrum, the difference of the diſtances oft pa 
their Foci from the Lens was about 4+ InchesWr: it 
and as 5 to 6, fois 45 to 55. For ſometime the © 
when the Lens was advantagiouſly placed, ſo 
that its Axis reſpected the blue, and all thing 
elſe were well ordered, and the Sun ſhone clear, 
and I held my Eye very near to the Paper on 


Ec rad ons — _ 
r — 2 « — 
4 4 s by 


IF which the Lens caſt the Species of the Lines,! 
I could fee pretty diſtinctly the Species of thole 
1 Lines by that part of the violet which was neu 


the indigo; and ſometimes I could fee them 
| by above half the violet. For in making theſe 
Experiments I had obſerved, that the Species 
of thoſe Colours only appear diſtinct which were 
in or near the Axis-of the Lens: So that if the 
blue or indigo were in the Axis, I could {c 
their Species diſtinctly; and then the red a 
TTT „pete 


* 
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0 Peed much leſs diſtinct than before. Where- 
, bre I contrived to make the Spectrum of Co- 
burs ſhorter than before, ſo that both its ends 
> 0] 
eher its length was about 2. Inches and breadth 
bout -- or of an Inch. Allo inſtead of the 
"} ack Lines on which the Spectrum was caſt, I 
hade one black Line broader than thoſe, that 
1 might ſee its Species more ealily; and this 
difWine I divided by ſhort croſs Lines into equal 
theWirts, for meaſuring the diſtances of the obſer- 
is 


red 
190, 
8 75 
the 
8 ol 
che 
116 


Þ Species of this Line with its diviſions al- 


Aber Obſervations. 
When T obſerved the deepeſt ſenfiblered, and 


pm it was about ; parts of the rectilinear Sides 


b lo the Foci of thoſe Colours from the Lens, 
ung once time 45, another time 4, another time 
deu inches, and as 8 to 9, ſo are 45 4% 45 to 
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thoſe 
; next 
them 
theſe 
ecies 
were 
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ap- 
ared 


> 5=< 525 reſpectively. 
hen I obicrved the deepeſt ſenſible red, 


nce of which Colours when all things were 
ne very clear, was about =: or ++ parts of 


red Spectr um) I found the difference of the 


lometimes 7, and for the moſt part 5 In- 


pight be nearer to the Axis of the Lens. And : 


d Colours. And now I could ſometimes ſee 
Jolt as far as the center of the ſemicircular 
plet end of the Spectrum, and made theſe 
þt part of the violet whole corrected diſtance | 


che Spectrum the difference of the diſtances 


deepeſt ſenſible violet, (the corrected di 
lered to the belt advantage, and the Sun 
length of the rectilinear Sides of the co- 
ances 15 their Foci from the Lens ſometimes 
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ches or thereabouts: and as 11 to 12 Or 15 tif... 
16, ſo is five Inches to 52 or 5 Inches. Fx 
And by this progreſſion of Experiments I i, 
tisfied my ſelf, that had the Light at the ven Ray 
ends of the. Spectrum been ſtrong enough tt Here 
make the Species of the black Lines appeaſiſÞ. . © 
plainly on the Paper, the Focus of the decpeſ ag 
violet would have been found nearer to tht 


Lens, than the Focus of the deepeſt red, by 95 
bout 53 Inches at leaſt. And this is a fare 
evidence, that the Sines of Incidence and Re if t] 

fraction of the ſeveral ſorts of Rays, hold thi. & 

ſame proportion to one another in the ſmall ma 
 Refractions which they do in the greateſt. moſt 
My progreſs in making this nice and trouble. th 
ſome Experiment I have ſet down more at larę Habou 


that they that ſhall try it after me may be awar 
of the circumſpection requiſite to make it ſuc 
ceed well. And if they cannot make it fis 
ceed ſo well as I did, they may notwithiland 
ing collect by the proportion of the diſtance 
the Colours of the Spectrum, to the diticrenc 
of the diftances of their Foci from the Len 
what would be the ſucceſs in the more ditlan 


ance 
in th 
Which 
ny P 
le 15 
ed) 

be Af 
that 


Colours by a better trial. And yet if they u xy d 
a broader Lens than I did, and fix it to a lol ly rej 
ſtraight Staff by means of which it may be eher 
dily and truly directed to the Colour Whoſe f Many! 
cus is deſired, | queſtion not but the Eopel 8 of a 
ment will ſucceed better with them than it UM. ſid 
with me. For I directed the Axis as nearly diam. 
could to the middle of the Colours, and tit om, 
the faint ends of the Spectrum being Ten f thi 
from the Axis, caſt their Species leſs W the 8 
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| the Paper than they would have done had 
Axis been ſucceſſively directed to them. 

Now by what has been {aid, it's certain that 
Rays which difter in Retrangibility do not 
verge to the fame Focus, but if they low 
In a lucid point, as far from the Lens on one 
E as their Foci are on the other, the Focus 
ee moſt refrangible Rays thall be nearer to 
Lens than that of the leait refrangible, by 
dre the fourteenth part of the whole diſtance: 
if they flow from a lucid point, ſo very re- 
e from the Lens that before their incidence 
may be accounted parallel, the Focus of 
moſt refrangible Rays thall be nearer to the 
ps than the Focus of the leaſt refrangible, 
about the 27th or 28th part of their whole 
ace from it. And the diameter of the Cir- 
in the middle ſpace between thoſe two Fo- 
Which they illuminate when they fall there 
ny Plane, perpendicular ro the Axis (which 
de is the leaſt into which they can all be ga- 
ed ) is about the 55th part of the diameter 
he Aperture of the Glaſs. So that 'tis a won- 
that Teleſcopes repreſent Objects ſo diitinct 
ey do. But were all the Rays of Light e- 
ly refrangible, the Error ariling only from 
Ipaericalneſs of the Figures of Glases would 
any hundred times leſs. For if the Object- 
of a Teleſcope be Plano-convex, and the 
e fide be turned towards the Object, and 
diameter of the Sphere whereof this Glaſs 
ſegment, be called D, and the ſemidiame- 
ob the Aperture of the Glaſs be called 8, 
te Sine of Incidence out of Glaſs into Air, 
* : be 


tlle, deſerves not to be conſidered. | 
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be to the Sine of Refraction as I to R: the HH 
which come parallel to the Axis of the G 
ſhall in the place where the Image of the Ob 


is moſt diſtinctly made, be ſcattered all over" © 

LE mas | wo Tn e 2"? SF [OM 

little Circle whoſe diameter is = x nt 
| lg quad. 


- - 


nearly, as I gather by computing the Errors F< 
the Rays by the method of infinite Series, a" of 
rejecting the Terms whoſe Quantities are | idle 
conſiderable. As for inſtance, if the dine et A 
Incidence J be to the Sine of Refraction R, Nice 
20 to 31, and if D the diameter of the Spe! 
to which the convex ſide of the Glaſs is groe! 
be 100 Feet or 1200 Inches, and S the femme. 


meter of the Aperture be two Inches, the 1 7 
je Lit 


meter of the little Circle (that is £22) fff x, © 
55 8 e : N  1quD quad. the x 
JJ 3 3 | 
be 20520 x 1200 x 1200 (or os Parts of an! git | 
But the diameter of the little Circle throul'the : 


which theſe Rays are ſcattered by unequal e th 
frangibility, will be about the 55th part of tt of 
Aperture of the Object-glaſs which here is in 
Inches. And therefore the Error ariſing i! © leſs 
the ſpherical Figure of the Glaſs, is to the the g 
ror ariſing from the different Refrangibiii id 


1 __ $61 4 we 5 My; 
the Rays, as to -- that is as 1 10 n th; 


| _—_ 72000000 Fe. 
and therefore being in compariſon fo ver Veen 


But you will ſay, if the Errors cauſed by But it 
different Refrangibility be ſo very great, eus. 
comes it to paſs that Objects appear thro and 
Teleſcopes ſo diſtin as they do? I — ngly 
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cauſe the erring Rays are not fcattered uni- 
"Wrmly over all that circular ſpace, but collect- 
| infinitely more denſely in the center than in 
ny other part of the Circle, and in the way 
tom the center to the circumference grow 
ontinually rarer and rarer, ſo as at the circum- 
rence to become infinitely rare; and by rea- 
dn of their rarity arc not ſtrong enough to be 
ble, unleis in the center and very near it. 
et ADE {in 7g. 27.] repreſent one of thoſe 
lircles deſcribed with the Center C and Semi- 
jameter A C, and let 5 rv G be a ſmaller Circle 
pncentrick to the former, cutting with its cir- 
mference the Diameter AC in B, and biſect 
Cin N, and by my reckoning the Denſity of 
je Light in any place 1z will be to its Denſity 
Vas AB to BC; and the whole Light with- 
the leſſer Circle BHG, will be to the whole 
icht within the greater AED, as the Exceſs 
the Square of AC above the Square of AB, 
to the Square of AC. As if BU be the fifth 
rt of AC, the Light will be four times den- 
in B than in N, and the whole Light within 
e leſs Circle, will be to the whole Light with- 
the greater, as nine to twenty five. Whence 
evident that the Light within the leſs Cir- 
, mult ſtrike the Senſe much more ſtrongly, 
an that faint and dilated Light round about 
tween it and the circumference of the grea- 

but it's farther to be noted, that the moſt lu- 
nous of the priſmatick Colours are the yel- 
and orange. Theſe affect the Senſes more 
ongly than all the reſt together, and next to 
—— e theſe 


1 $6 |] 
theſe in ſtrength are the red and green. Til 
we comparcd with theſe is a faint and diff 
Colour, and the indigo and violet are mui 
darker and fainter, ſo that theſe compared il 
the ſtronger Colours are little to be regardef 
The Images of Objects are therefore to be pj 
ced, not in the Focus of the mean refrangibi 
Rays which are in the confine of green nll 
blue, but in the Focus of thoſe Rays which 
in the middle of the orange and yellow ; theft 
where the Colour is moſt luminous and fulgeni 
that is in the brighteſt yellow, that yellow wh 
inclines more to orange than to green. M 
by the Refraction of theſe Rays (whoſe Sine 
Incidence and Refrattion in Glaſs are as 179 
II) the Refraction of Glaſs and Cryſtal for of 
tical Ules is to be meaſured. Let us thereto 
place the Image of the Object in the Focus 
theſe Rays, and all the yellow and orange vii 
fall within a Circle, whoſe diameter is abo 
the 25cth part of the diameter of the Aren 
of the Glais. And if you add the brighter |: 
of the red, (that half which 1s next the oran! 
and the brighter half of the green, (that ii 
which is next the yellow) about three ff 
parts of the Light of theſe two Colours) 
fall within the {ame Circle, and two fifth pa 
will fall without it round about; and that wil 
falls without will be ſpread through almol 
much more ſpace as that which falls with 
and ſo in the groſs be almoſt three times rat 
Of the other half of the red and green, (til 
of the deep dark red and willow green) abe 
one quarter will fall within this Circle, 
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mree quarters without, and that which falls 
ithout will be ſpread through about four or 
ve times more ſpace than that which falls with- 
bn; and ſo in the groſs be rarer, and if com- 
de pared with the whole Light within it, will be 
about 25 times rarer than all that taken in the 
Weroſs; or rather more than 39 or 40 times ra- 
rer, becauſe the deep red in the end of the 
Fopectrum of Colours made by a Prilm is very 
thin and rare, and the willow green is ome— 
thing rarer than the orange and yellow. The 
Light of theſe Colours therefore being ſo very 
much rarer than that within the Circle, will 
carce affect the Senſe, eſpecially ſince the deep 
red and willow green of this Light, are much 
Wearker Colours than the reſt. And ior the tame 
reaſon the blue and violet being much darker 
Colours than theſe, and much more raritied, 
may be neglected. For the denſe and bright 
Light of the Circle, will obicure the rare and 
weak Light of theſe dark Colours round about 
lit, and render them almoit inſenſible. The 
ſenſible Image of a lucid point is therefore 
ſcarce broader than a Circle whoſe diameter is 
the 250th part of the diameter of the Aperture 
of the Object-glaſs of a good "Teleſcope, or not 


pi much broader, if you except a faint and dark miſ- 
wifey Light round about it, which a Speclator will 
nollMicarce regard. And therefore in a Teleſcope 
with rhoſe aperture is four Inches, and length an 
rug hundred Feet, it exceeds not 2” 45”, or 3”. And 
(tin a Teleſcope whoſe aperture is two Inches, 


and length 20 or 30 Feet, it may be 5” or 6” 
and ſcarce above. And this an{wers well to 


the Diameters of the fix d Stars, in Teleſcopgi 


be leſs diſcernible in ſhorter 'Teleſcopes than in 


0 METyE,: 


immenſe diſtance, appear like Points, unleſs o 
far as their Light is dilated by Refraction, may 


leſs time than the ſecond of a Minute; the Re- 


tracting the time in which the Light of the Sia 


be ſtill much greater than if it were only fro 
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experience: For ſome Aſtronomers have found 


of between 20 and 60 Feet in length, to be + 


bout 5” or 6”, or at moſt 8“ or 10” in diame. War 


ter. But if the Eye-Glaſs be tincted faintly 
with the ſmoke of a Lamp or Torch, to ob-Wr 
{cure the Light of the Star, the fainter Light 


in the circumference of the Star ceaſes to be rr 
viſible, and the Star (if the Glaſs be ſuiticienti 
ly {oiled with ſmoke) appears fomething more 


like a mathematical Point. And for the ſame Y. 
reaſon, the enormous part of the Light in theft. 
circumference of every lucid Point ought to 


longer, becauſe the ſhorter tranſmit leis Light 


Now that the fix'd Stars, by reaſon of their 


appear from hence; that when the Moon pa- 
les over them and eclipſes them, their Light 
vaniſhes, not gradually like that of the Planets 
but all at once; and in the end of the Eclipie 
it returns into dight all at once, or certainly in 


fraction of the Moon's Atmoſphere a little pro 


firſt vaniſhes, and afterwards returns into Sight. 

Now if we ſuppoſe the ſenſible Image of a l 
cid Point, to be even 250 times narrower that 
the aperture of the Glaſs: yet this Image would 


the ſpherical Figure of the Glaſs. For well 
it not for the different Refrangibility of the 
| Rays 


„„ 
Rays, its breadth in an 100. Foot Teleſcope 
whoſe aperture is 4 Inches would be but ——— 
. Warts of an Inch, as is manifeſt by the foregoing 
computation. And therefore in this caſe the 
cateſt Errors ariſing from the ſpherical Figure 
pf the Glaſs, would be to the greateſt ſenſible 
Errors ariſing from the different Refrangibility 


| G1 | 1 
e the Rays as ——— to = at moſt, that is on- 


e 

as I to 1200. And this ſuthcicntly ſhews that 
t is not the ſpherical Figures of Glaſſes but the 
pittcrent Refrangibility of the Rays which hin- 
the perfection of Leleſcopes. 
| There is another Argument by which it may 
ppear that the different Refrangibility of Rays, 
the true cauſe of the imperfection of Tele- 
copes. For the Errors of the Rays ariſing 
mafhrom the ae Figures of Object-glaſſes, are 
pal the Cubes of the Apertures of the Object- 
ight Flalies; and thence to make Teleſcopes of va- 
metsious lengths, magnify with equal diſtinctneſs, 
he Apertures of the Object-glaſſes, and the 
harges or magnifying Powers, ought to be as 
Je Cubes of the ſquare Roots of their lengths; 
lich doth not anſwer to experience. But the 


\tfrangibility, are as the Apertures of the Ob- 
t-glaiſes, and thence to make Teleſcopes of 
ous lengths, magnify with equal diſtinctneſs, 
heir Apertures and Charges ought to be as the 
quare Roots of their lengths; and this anſwers 
experience, as is well known. For inſtance, 
Teleſcope of 64 Feet in length, with an Aper- 
— — _ 


rrors of the Rays ariſing from the different 
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ture of 2+ Inches, magnifies about 120 times, Hug 
with as much diſtinctneſs as one of a Foot in hg 
length, with - of an Inch aperture, magni be r 
15 times. lenz 
Now were it not for this different Refrang- ing 
bility of Rays, Teleſcopes might be brought ti Objc 
a greater perfection than we have yet deſcrib then 
by compoſing the Object-Glaſs of two Glase Glal 
with Water between them. Let ADFC [in Th glais 
28.] repreſent the Object-glaſs compoſed of tio com 
Glaſſes ABE D and BEFC, alike convex on th 86 
outſides AG D and CHF, and alike concave {cop 
on: the inſides BME, BNE, with Water in rate 
the concavity BUEN. Let the Sine of Inc Rel 
dence out of Glafs into Air be as I to R, and conc 
out of Water into Air as K to R, and by conf to w 
ſequence out of Glaſs into Water, as I to K bout 
and let the diameter of the Sphere to which ti the 
convex ſides A D and CHF are ground be and 
D, and the diameter of the Sphere to which vex, 
the concave ſides BME and EN are ground the « 
be to D, as the Cube Root of KK KIT Ot Inch 
Cube Root of RK RI: and the Refra cio mag 
on the concave ſides of the Glatles, will ve ther 
much correct the Errors of the Refractions o abou 
the convex ſides, fo far as they ariſe from Ape 
ſphericalneſs of the Figure. And by this mean Ape 
might Teleſcopes be brought to ſufficient peſi cove 
fection, were it not for the different Kefrang but! 
bility of ſeveral ſorts of Rays. But by rea glaſs 
of this different Refrangibility, I do not yet 1 dle 
any other means of improving Teleſcopes vi thro 
Refractions alone than that of increaſing tcl plac 
lengths, for which end the late Contrivance of Lig] 
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ng . ſeems well accommodated. For ve- 


„ 


in ry long Tubes are cumberſome, and ſcarce to 
ebe readily managed, and by reaton of their 

| lengrh are very apt to bend, and ſhake by bend- 
. ing {o as to caufe a continual trembling in the 
fl Objects, whereby it becomes difficult to fee 
tem diitinctly : whereas by his contrivance the 
Ill Glafles are readily manageable, and the Object- 
% glais being 1ix'd upon a ſtrong upright Pole be- 


comes more ſteady. 
the Seeing therefore the Improvement of Tele- 
me ſcopes of given lengths by Refractions is deſpe- 
- nl rate; I contrived heretofore a Perſpective by 
1M Retiexion, uſing inſtead of an Object-glaſs a 
and concave Metal. The diameter of the Sphere 
o to which the "Metal was ground concave was a- 
KW bout 25 Engliſh Inches, and by conſequence 
the tie length of the Infirument about fix Inches 
be and a quarter. The Eye-glaſs was Plano-con- 
nch ver, and the diameter of the Sphere to which 


und the convex ſide was ground was about ; of an 
tie inch, or a little lets, and by conſequence it 
1009] magnified between 3o and 40 times. By ano- 


ther way of meaſuring I found that it magnified 
about 35 times. The concave Metal bore an 
Aperture of an Inch and a third part; but the 
Aperture was limited not by an opake Circle, 
covering the Limb of the Metal round about, 
but by an opake Circle placed between the Eye- 
glaſs and the Eye, and perforated in the mid- 
dle with a little round hole for the Rays to paſs _ 
through to the Eye. For this Circle by being 
placed here, ſtopp'd much of the erroneous 
Light, which otherwiſe would have — 5 
3 aku — == 
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TRY 


the Viſion. By comparing it with a pretty good 


Perſpective of four Feet in length, made wich 


a concave Eye-glaſs, I could read at a greater 
diſtance with my own Inſtrument than wich the 


Glaſs. Vet Objects appeared much darker in 


it than in the Glaſs, and that partly becauſe 


more Light was loſt by Reflexion in the Metal, 


than by Refraction in the Glaſs, and partly be- 
cauſe my Inſtrument was overcharged. Had it 


magnified but 30 or 25 times it would have 
made the Object appear more brisk and plex 


fant. Two of theie I made about 16 Years x 


go, and have one of them {till by me by which 


can prove the truth of what ] write. Yet it 


is not ſo good as at the firſt. For the concaye 
has been divers times tarniſhed and cleared a- 
gain, by rubbing it with very ſoft Leather. When 
I made theſe, an Artiſt in London undertook to 
imitate it; but uſing another way of poliſhing 


them than I did, he fell much ſhort of what! 
had attained to, as I afterwards underſtood by 


diſcourſing the under Workman he had em- 


ployed. The Poliſh I uſed was in this man- 


ner. I had two round Copper Plates each 
ſix Inches in diameter, the one convex the o- 


ther concave, ground very true to one another. 


On the convex I ground the Object-Metal or 
Concave which was to be poliſh'd, till it had 
taken the Figure of the Convex and was read) 
for a Poliſh. Then I pitched over the conver 
very thinly, by dropping melted Pitch upon i 
and warming it to keep the Pitch ſoft, whill 


I ground it with the concave Copper wetted 


| beſt, 
mak. 
thus 
Uſhir 
| (tive 
[ lihir 
ctice 
| the ( 
| the ] 
it | had « 
to make it ſpread eavenly all over the conver WW ces 
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Thus by working it well I made it as thin as a 
Groat, and after the convex was cold I ground 
it again to give it as true a Figure as I could. 
Then I took Putty which I had made very fine 
by waſhing it from all its groſſer Particles, and 
laying a little of this upon the Pitch, I ground 
it upon the Pitch with the concave Copper till 
it had done making a noiſe; and then upon the 
| Pitch I ground the Object-Metal with a brisk 
motion, for about two or three Minutes of 
time, leaning hard upon it. Then ] put freth 
| Putty upon the Pitch and ground 1t again till it 
had done making a noiſe, and afterwards ground 
the Object-Metal upon it as before. And this 
Work I repeated till the Metal was polithed, 
grinding it the laſt time with all my ſtrength 
for a good while together, and frequently 
breathing upon the Pitch to keep it moiſt with- 
out laying on any more freſh Putty. The Ob- 
ject-Metal was two Inches broad and about one 
third part of an Inch thick, to keep it from 
| bending. I had two of theſe Metals, and when 
had poliſhed them both I tried which was 
| beſt, and ground the other again to ſee if I could 
make it better than that which I kept. And 
thus by many Trials I learn'd the way of po- 
lining, till I made thoſe two reflecting Perſpe- 
tives J ſpake of above. For this Art of po- 
lining will be better learn'd by repeated Pra- 

ctice than by my Deſcription. Before I ground 

the Object-Metal on the Pitch, I always ground 
[the Putty on it with the concave Copper till it 
had done making a noiſe, becaule if the Parti- 
es of the Putty were not by this means made 


to. 


[A] 
to ſtick faſt in the Pitch, they would by rollins 
up and down grate and fret the Object-Metal 
and fill it full of little holes. 

But becauſe Metal is more difficult to poliſh 
than Glaſs, and 1s afterwards very apt to be 
{polled by tarniſhing, and reflects not ſo much 
Light as Glaſs quick-ſilver'd over does: I would 
propound to uie inſtead of the Metal, a Glals 
ground concave on the foreſide, and as much 
convex on the back- ſide, and quick-ſilver'd o- 
ver on the convex ſide. The Glaſs mult be e- 
very where of the {ame thickneſs exactly. O- 
therwiſe it will make Objects look colour'd and 
indiſtinct. By ſuch a Glaſs I tried about five or 
{ix Years ago to make a reflecting Teleſcope of 
four Feet in length to magnify about 150 times, 
and | ſatisfied my ſelf that there wants nothing 
but a good Artiſt to bring the Deſign to perfe- 
ction. For the Glaſs being wrought by one of 
our London Artiſts after ſuch a manner as they 
grind Glaſſes for Teleſcopes, tho' it ſeemed as 
well wrought as the Object-glaſſes uſe to be, yet 
when it was quick-{ilver'd, the Reflexion dil- 
covered innumerable Inequalities all over the 

_ Glaſs. And by reaſon of theſe Inequalities, Ob- 
jects appeared indiſtinct in this Inſtrument. For 
the Errors of reflected Rays cauſed by any In- 
equality of the Glaſs, are about {ix times great- 


er than the Errors of refracted Rays cauſed by) 


the like Inequalities. Yet by this Experiment 


I ſatisfied my ſelf that the Reflexion on the 


concave fide of the Glaſs, which I feared would 
diſturb the Viſion, did no ſenſible prejudice to 
it, and by conſequence that nothing is wanting 
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perfect theſe Teleſcopes, but good Work- 


en who can grind and poliſh Glafles truly 
herical. An Object-glaſs of a fourteen Foot 


feleſcope, made by an Artificer at London, I 
ace mended conſiderably, by grinding it on 


ch with Putty, and leaning very eaſily on it 
the grinding, leſt the Putty ſhould {ſcratch it. 
'hether this way may not do well enough for 
olithing theſe reflecting Glaſſes, 1 have not yet 
ried. But he that ſhall try either this or any 
ther way of poliſhing which he may think bet- 
kr, may do well to make his Glaſſes ready for 
olihing by grinding them without that vio- 
nce, wherewith our London Workmen preſs 
heir Glaſles in grinding. For by ſuch violent 
reſſure, Glaſſes are apt to bend a little in the 
rinding, and ſuch bending will certainly ſpoil 


Jeir Figure. To recommend therefore the 


onideration of theſe reflecting Glaſſes, to ſuch 
irtiits as are curious in figuring Glaſſes, I ſhall 
leicrthe this optical Inſtrument in the follow- 
by Propoſition. 


d nk A K 


Y NO P. VII. PR oB. II. 
To ſhorten Teleſcopes. 


| ET ABDC [in Fig. 29.] repreſent a Glaſs 
L ſpherically concave on the foreſide AB, 
as much convex on the backſide CD, ſo 
lat it be every where of an equal thickneſs. 
et it not be thicker on one fide than on the 
lier, leſt it make Objects appear colour'd and 

a — indi- 


indiſtinct, and let it be very truly wrought th 
uick-filver'd over on the backſide ; and {ct 
the Tube VXY Z which mutt be very bla 
within. Let EFG repreſent a Prim of G 
or Cryſtal placed near the other end of H 
IJube, in the middle of it, by means of a ha" 
dle of Braſs or Iron FG K, to the end of wid 
made flat it is cemented. Let this Priſm I 
_ rectangular at E, and let the other two Ange pes 
at F and G be accurately equal to each other us T 
and by conſequence equal to half right one Ppeci 
and let the plane ſides FE and G E be ſquare und 
and by e 9am the third fide F G a rect e a 
gular Paralleſogram, whoſe length is to isEPert 
breadth in a ſubduplicate proportion of two t Pnſtry 
one. Let it be ſo placed in the Tube, tha Warr 
the Axis of the Speculum may pats through te Auar 
middle of the {quare fide EF perpendicularly, putyir 
and by conſequence through the middle of the [the 8 
ſide FG at an Angle of 45 Degrees, and let the tte a 
ſide EF be turned towards the Speculum, ande d 
the diſtance of this Priſm from the Specuum erk 
be ſuch that the Rays of the Light PQ, Rs, Sen 
which are incident upon the Speculum in Line Hot b 
parallel to the Axis thereof, may enter the Prim 
at the ſide EF, and be reflected by the {ide 
FG, and thence go out of it through the de, 
GE, to the point T which mult be the com ed, | 
mon Focus of the Speculum AB DC, and oi 
Plano- convex Eye-glaſs H, through which tho" ff 
Rays mult paſs to the Eye. And let the Rays . 
at their coming out of the Glaſs paſs through: 
a ſmall round hole, or aperture made in a lit 
tle plate of Lead, Braſs, or Silver, wherevi 
50 the 
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the Glaſs is to be covered, which hole muſt be 
no bigger than is neceſſary for Light enough 
co paſs through. For ſo it will render the Ob- 
ect diſtin, the Plate in which tis made inter- 
Wcepting all the erroneous part of the Light 
which comes from the verges of the Speculum 
AB. Such an Inſtrument well made, if it be 
ix Foot long, (reckoning the length from the 
Wpeculum to the Priſm, and thence to the Fo- 
us I) will bear an aperture of ſix Inches at the 
Pppeculum, and magnify between two and three 
undred times. But the hole H here limits 
the aperture with more advantage, than if the 
{aperture was placed at the Speculum. If the 
Inſtrument be made longer or ſhorter, the aper- 


10 ture muſt be in proportion as the Cube of the | 
che quare- ſquare Root of the length, and the mag- ( 
rh vifying as the aperture. But it's convenient that [ 
the the Speculum be an Inch or two broader than 


the aperture at the leaſt, and that the Glaſs of 


the mg 
andi the Speculum be thick, that it bend not in the "| 
lun vorking. The Priſm EFG muſt be no bigger 4 
ban is neceſſary, and its back fide FG muſt 1 
ines ot be quick-ſilver'd over. For without quick- 
rin liver it will reflect all the Light incident on it 
ide rom the Speculum „ 
ide In this Inſtrument the Object will be invert- 


kd, but may be erected by making the ſquare 


ON: 

of aides EF and EG of the Priſm E F G not plane 
hole ut ſpherically convex, that the Rays may croſs 
Lav well before they come at it as afterwards 
uh etween it and the Eye-glaſs. If it be deſired 
ft at the Inſtrument bear a larger aperture, that 
with & - hwy may 
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may be alſo done by compoſing: the SpeculunÞÞ 
of two Glaſſes with Water between them. | 
If the Theory of making Teleſcopes could at 
length be fully brought into practice, yet ther 
would be certain Bounds beyond which Tele. 
ſcopes could not perform. For the Air throughſÞ 
which we look upon the Stars, is in a perpe- 
tual Tremor; as may be ſeen by the tremulos 
Motion of Shadows caſt from high Towers, 
and by the twinkling of the fix'd Stars. Bu 
theſe Stars do not twinkle when viewed through 
Teleſcopes which have large apertures. For 
the Rays of Light which paſs through diver 
parts of the aperture, tremble each of them a 
part, and by means of their various and ſome- 
times contrary Tremors, fall at one and the] 
fame time upon different points in the bottom 
of the Eye, and their trembling Motions are too 
quick and confuſed to be perceived {everally.# 


nd all theſe illuminated Points conſtitute one 


broad lucid Point, compoſed of thoſe many 


trembling Points confuſedly and inſenſibly mix 
ed with one another by very ſhort and ſwift 


Tremors, and thereby cauſe the Star to appear 
broader than it is, and without any trembling 
of the whole. Long Teleſcopes may cauſe Ob- 


jects to appear brighter and larger than ſhort 


ones can do, but they cannot be ſo formed 3 
to take away that confuſion of the Rays which 
ariſes from the Tremors of the Atmoſphere. 
Ihe only remedy is a moſt ſerene and quiet Ai 

| ſuch as ey priory be found on the tops 01 

Mountains above the groſſer Clouds. 
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FIRST BO OK 


PTICKS. 


1 ITTETITED  ADEERSSSESRERGEREEHESD 


PART JL 


PR O P. J. Taro, * 


| Phenomena of Colours in refrated or re- 


ied Li 2 are not cauſed by new Modife- 


rding to the various 7 erminatious of the 
gb! and Shadow. _ 


The Proof by Raperiments 


*. 1. OR if the Sun ſhine into a 


7 
* very dark Chamber through 
a 1 an oblong hole F, [in Fig. 1.] 


| part of an Inch, or ſomething leſs; and 
Fm F H do afterwards paſs firſt through a 
H 2 very 


bez (DOSS SSSSTTSTTESESEESS 0 


ons of the Light variouſſy impreſ#d, ac- 


whoſe breadth is the ſixth or 


2 
N. 


| 


; 
* 
4 

U 
% 
# 
. 
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very large Priſm ABC, diſtant about 20 Fe; 
| breadth is about the fortieth or ſixtieth part 


three Feet from the Priſm, in a parallel Sit 


three or four Feet from it, and there paint 


at y; you may with an Iron Wire, or any . 
like ſlender opake Body, whoſe breadth i 


p, and any one of them as well as red ma) 


1001 


from the hole, and parallel to it, and then (wit 
its white part) through an oblong hole H, who 


an Inch, and which 1s made in a black opal 
Body Gl, and placed at the diſtance of two 


tion both to the Priſm and to the former ho 
and if this white Light thus traſmitted throuſif 
the hole H, fall afterwards upon a white P 
P ?, placed after that hole H, at the diſtance 


uſual Colours of the Priſm, ſuppoſe red a. 
yellow at , green at , blue at 4, and vii 


bout the tenth part of an Inch, by intercepi 
the Rays at &, % m, u or o, take away any 
of the * at 7, 5,7, ꝙ or p, whilſt the oH 
Colours remain upon the Paper as before 
with an Obſtacle ſomething bigger you 

take away any two, or three, or four Col 
together, the reſt remaining: So that any! 
of the Colours as well as violet may bee 
outmoſt in the Confine of the Shadow toi 


come outmoſt in the Confine of the Sha 
towards t, and any one of them may allo 
der upon the Shadow made within the Col 
by the Obſtacle R intercepting ſome inte 
diate part of the Light; and, laſtly, any MM; 
them by being left alone may border up: 

Shadow on either hand. All the Colours! 
themſelves indifferently to any Confines o, 
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Here one and the ſame part of the Light in 
one and the ſame place, according to the yz. 
rious Inclinations of the Paper, appeared in one 
caſe white, in another yellow or red, in a third 
blue, whilſt the Confine of Light and Shadoy 
and the Refractions of the Priſm in all theſe cx 


: 


ſes remained the ſame. 


Exper. 3. Such another Experiment mayb 
more eaſily tried as follows. Let a broad bean 
of the Sun's Light coming into a dark Chan 
ber through a hole in the Window-ſhut be r 
fracted by a large Priſm ABC, [in Fig.; 
whole refracting Angle C 1s more than 60 Dei 
grees, and 10 ſoon as it comes out of the Priſt 
let it fall upon the white Paper DE glewed w 
on a ſtiff Plane; and this Light, when theP; 
55 is perpendicular to it, as tis repreſented ij 
DE, will appear perfectly white upon the Pol 
per, but when the Paper is very much inclin 
to it in ſuch a manner as to keep always pari 
Tel to the Axis of the Priſm, the whitenels « 
the whole Light upon the Paper will accordin 
to the inclination of the Paper this way or ti 
way, change either into yellow and red, as iſ 
the poſture dee, or into blue and violet, as1 
the poſture de. And if the Light before it 
upon the Paper be twice refracted the {a 
way by two parallel Priſms, theſe Colours V 
become the more conſpicuous. Here all tt 
middle parts of the broad beam of white Lig 
which fell upon the Paper, did without al 
Confine of Shadow to modify it, become ec 
lour'd all over with ce Ka Colour, | 
Colour being always the {ame in the midde 
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Cauſe which depends not on any Confine «fff! 
Shadow. What this Cauſe is will be ſhewed ii 


the next Book. «<- © 7 
Io theſe Experiments may be added ae 
tenth Experiment of the firſt Book, where H 
Sun's Light in a dark Room being trajec r 
through the parallel Superficies of two Prin 1 
tied together in the form of a Parallelopiped t 
became totally of one uniform yellow or it 
Colour, at its emerging out of the Priſ 
Here, in the production of theſe Colours, f 
Confine of Shadow can have nothing to d 
For the Light changes from white to yello 
orange and red ſucceſſively, without any al 
ration of the Confine of Shadow : And at bo 
edges of the emerging Light where the cc 
trary Confines of Shadow ought to produ 
different Effects, the Colour is one and t 
ſame, whether it be white, yellow, orange 
red: And in the middle of the emerging Lig 
where there is no Confine of Shadow at all! 
Colour is the very ſame as at the edges, 
whole Light at its very firſt Emergence be 
of one uniform Colour, whether white, yell 
orange or red, and going on thence perpct 
Iy without any change of Colour, ſuch 2 
onfine of Shadow is vulgarly ſuppoſed tow 

in refracted Light after its Emergence. 
ther can theſe Colours ariſe from any new 
difications of the Light by Refractions, beci 
they change ſucceſſively from white to yell 
orange and red, while the Refractions fe 
the ſame, and alſo becauſe the Refractions 
made contrary ways by parallel — g 


19] - 
fine M ſtroy one anothers Effects. They ariſe not 
ewed i 
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Refractions and Shadows, but have ſome o- 
er cauſe. What that Cauſe is we ſhewed a- 


re repeat it. 
this Experiment. For this emerging Light 
ing by a third Priſm HIK [in Fig. 22. Part 1.] 


o the uſual Colours of the Priſm, red, yellow, 
een, blue, violet: If theſe Colours aroſe from 


ght, they would not be in the Light before 
Incidence on that Priſm. And yet in that 


d; the Light which makes that red being 
It alone, appeared of the very fame red Co- 
ur before its Incidence on the third Priſm. 


are ſeparated from one another, and any 
e ſort of them is conſidered apart, the Co- 
ur of the Light which they compoſe cannot 


nce. Matever, as it ought to be were Colours no- 
| new ing elſe than Modifications of Light cauſed 
as, beci Refractions, and Reflexions, and Shadows. 
to yellF's unchangeableneſs of Colour I am now to 
ons e {cribe in the following Propolition. 1 


raction- 
ficles N 
Nen 


erefore from any Modifications of Light made 


dye in this tenth Experiment, and need not 


There is yet another material circumſtance 
fracted towards the Paper PI, and there paint- 
e Refractions of that Priſm modifying the 


xperiment we found that when by turning 
e two firſt Priſms about their common Axis 
the Colours were made to vaniſh but the 


d in general we find by other Experiments 
at when the Rays which differ in Refrangibi- 


changed by any Refraction or Reflexion 


PROP. 
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go, blue, green, yellow, orange, red, togethe 
with all their intermediate degrees in a cont 


as is deſcribed in the twelfth Experiment 
the firſt Book. For by this Refraction the C 
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PROP. . Tunon. I. 
Al homogeneal Light has its proper Colour an 

 ſwerig to its Degree of . all 


that Colour cannot be changed by Reflexin 
and Refrattions. 


N the Experiments of the fourth Propoſitio 

of the firſt Book, when I had ſeparated th 
heterogeneous Rays from one another, the Spe 
ctrum pt formed by the ſeparated Rays, di 
in the progreſs from 1ts end p, on which th 
molt refrangible Rays fell, unto its other end! 
on which the leaſt refrangible Rays fell, app 
tinged with this ſeries of Colours, violet, ind 


nual Succeſſion perpetually varying. So th 
there appeared as many degrees of Colours, 
3 were ſorts of Rays differing in Refrany 
. 5. Now that theſe Colours could nd 
be changed by Refraction, I knew by refractin 
with a Priſm ſometimes one very little part ff 
this Light, ſometimes another very little pat 


lour of the Light was never changed in the lea 
If any part of the red Light was refracted, 
remained totally of the ſame red Colour as b 
fore. No orange, no yellow, no green or bil 
no other new Colour was produced by ti 
Refraction. Neither did the Colour any wa 
change by repeated Refractions, vat cane 


. . 
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rays the ſame red entirely as at firſt. - The 
> conitancy and immutability I found alſo in | 
blue, green, and other Colours. So alſo if 4 
doked through a Priſm upon any Body illu- 
ated with any part of this homogeneal Light, 
the fourteenth Experiment of the firſt Book 
deſcribed ; 1 could not perceive any new Co- 
r generated this way. All Bodies illumina- 
with compound Light appear through Priſms 
ptuſed (as was {aid above) and tinged with 
ys, di ous new Colours, but thoſe illuminated with 
nich HMogeneal Light appeared through Priſms 
end ber leſs diſtinct, nor otherwiſe colour'd , 
app! when viewed with the naked Eyes. Their 
et, indours were not in the leaſt changed 1 | 
opethe fraction of the interpoſed Priſm. I ſpeak { 
e of a ſenſible change of Colour: For the \ 
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Go in at which I here call homogeneal, being not 
Jours, 1 lutely homogeneal] , there ought to ariſe — 


e little change of Colour from its hetero- 
ety, But if that heterogeneity was fo lit- 

as it might be made by the ſaid Experiments 

he fourth Propoſition, that change was not 
ble, and therefore in Experiments, where 


Lefrang 


ould no 
ef ractin 


> part 0-"< 

l pan e is Judge, ought to be accounted none 
ment .. 3 - 865 

\ the Ver. 6. And as theſe Colours were not 
che leu veable by Refractions, ſo neither were they 
racted, eflexions. For all white, grey, red, yel- 
ur as b Sreen, blue, violet Bodies, as Paper, Aſhes, 

or buff Lead, Orpiment, Indico, Biſe, Gold, Sil- 

| by ti Copper, Graſs, blue Flowers, Violets, 


ples of Water tinged with various Colours, 
ock's Feathers, the Tincture of Lignum 
— e Nephri- 


any Wa! 
ontinue 
lx. 
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Nephriticum, and ſuch like, in red homogene: 
Light appeared totally red, in blue Light t 
_ rally blue, in green Light totally green, and] 
of other Colours. In the homogeneal Liz 
of any Colour they all appeared totally of th 
fame Colour, with this only difference, th 
fome of them reflected that Light more {trol 
ly, others more faintly. I never yet found x 
Body which by reflecting homogeneal Lig 
could ſenſibly change its Colour. 

From all which it is manifeſt, that if the Sm 
Light conſiſted of but one ſort of Rays, the 
would be but one Colour in the whole Wo 
nor would it be poſſible to produce any n: 
Colour by Reflexions and Refractions, and 
conſequence that the variety of Colours 6 
pends upon the compoſition of Light. 


HE homogeneal Light and Rays wi 
appear red, or rather make Objects: 
pear ſo, I call Rubrific or Red-making; tit 
which make Objects appear yellow, green, d 
and violet, I call Vellow- making, Green- 
king, Blue-making, Violet-making, and oi: 
the reſt. And if at any time I ſpeak of Ly 
and Rays as coloured or endued with Colo 
I would be underſtood to ſpeak not phil 
phically and properly, but groſſly, and ac 
dingly to ſuch Conceptions as vulgar Peope r 
ſeeing all theſe Experiments would be aP!We( 
frame. For the Rays to ſpeak properly ate Nur. 
coloured. In them there is nothing elle tiles 

os . —_ 


« 
£ 
1 
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gene rtain power and hy con eh to ſtir up a Sen- 
ght tion of this or that Colour. For as Sound in 
and ell or muſical String, or other ſounding Bo- 
Lig is nothing but a trembling Motion, and in 
of the Air nothing but that Motion propagated 
e, m the Object, and in the Senſorium tis a 
{tron Wnſe of that Motion under the form of Sound; | 
und ay Colours in the Object are nothing but a Diſ- "I 
Lig ation to reflect this or that ſort of Rays more | 
Ppiouſly than the reſt; in the Rays they are 


he ouWthing but their Diſpoſitions to propagate this | 
s, th that Motion into the Senſorium, and in the | 
2 \W orWnſorium they are Senſations of thoſe Motions | 
any x der the forms of Colours. | 
„ and | þ 


ours Pre e 5 e d c 
Y R O P. II. Pros. I. . 
, define the Refrangibility of the ſeveral ſorts 


© 1 Wof homogeneal Light anſwering to the ſeve- - 
ech ral Colours. 85 3 
1g; tO R determining this Problem I made the 
reen, M following Experiment. 5 
Teeny Exper. 7. When I had cauſed the rectili- 
and 10 


ar ſides AF, GM, [in Fig. 4.] of the Spe- 
um of Colours made by the Priſm to be di- 
netly defined, as in the fifth Experiment of 
e firſt Part is deſcribed, there were found in 
al the homogeneal Colours in the ſame or- 
r and ſituation one among. another as in the 
eftrum of ſimple Light, deſcribed in the 
urth Propoſition of that Part. For the Cir- | 
Ks of which the Spectrum of compound —_— nition 


- of Li 
h Colo 
27 hilo 
and acc 
Peope 
| be apt 
erly are! 
elle tin 
-—— 
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PT is compoſed, and which in the middle par 
of the Spectrum interfere and are intermix 
with one another, are not intermix'd in the 
outmoſt parts where 100 touch thoſe recti 
near ſides A F and G M. And therefore j 
thoſe rectilinear ſides when diſtinctly define 
there is no new Colour generated by Ref 
ction. I obſerved alſo, that if any where b. 
tween the two outmoſt Circles T MF an 
PGA a right Line, as 5%, was crols to th 
Spectrum, ſo as at both ends to fall perpend 
cularly upon its rectilinear ſides, there appen 
ed one and the ſame Colour and degree of Cl 
lour from one end of this Line to the other. 
delineated therefore in a Paper the perimets 
of the Spectrum FAPG MIT, and in tryin 
the third Experiment of the firſt Book, | 10 
the Paper ſo that the Spectrum might fall ups 

this delineated Figure, and agree with it exad 
ly, whilſtan Aſſiſtant whoſe Eyes for diſtinguil 
ing Colours were more critical than mine, dl 
by right Lines 4B, y9, 2 Gc. drawn croſs tl 
Spectrum, note the Confines of the Coloun 
that is of the red Mag F, of the orange a0 
of the yellow y «Cs, of the green 0 5 of ti 
blue *, of the indico N, and. of the vi 
let x G A. And this Operation being dive 
times repeated both in the ſame and in fever 
Papers, I found that the Obſervations agre® 
well enough with one another, and that fi 
rectilinear ſides MG and FA were by the al 
croſs Lines divided after the manner of a f 
ſical Chord. Let GM be produced to X, tit 
MX may be equal to GM, and lo 


e 1111 
Fr , 53 AX, X, 1X, X, y XN, a X, MX, to be 
10 proportion to one another, as the numbers, 
0 I 2, %) & 5» 4» # 5, and ſo to repreſent the 
reti ords of the Key, and of a Tone, a third Mi- 
fore „a fourth, a fifth, a ſixth Major, a ſeventh 
1ofn d an eighth above that Key: And the Inter- 
Ref IM 4 %Y, Y & £9 1, IA and „G, will be 
ere Spaces which the ſeveral Colours (red, o- 
F ae, yellow, green, blue, indigo, violet) 
| e up. : . 
Sol. Now theſe Intervals or Spaces ſubtending the 
97 ferences of the Refractions of the Rays go- 
N I the limits of thoſe Colours, thas is, to 
hog > Points M, *, Ys ty % by by G, may without 
ſenſible Error be accounted proportional 


erimete fo : ; 
e the differences of the Sines of Refraction of 
1 | ſe Rays having one common Sine of Inci- 
9 4 


ce, and therefore ſince the common Sine of 
dence of the moſt and leaſt reirangible Rays 
of Glaſs into Air was (by a method deſcri- 
above) found in proportion to their Sines 
eros u efraction, as 50 to 77 and 78, divide the 
Coli cc between the Sines of Refraction 27 
2 755 as the Line G M is divided by thoſe 
Z ofth vals, you will have 77, 774» 775» 775» 775 
ehe u. 78, the Sines of Refraction of thoſe 
ng dive [5 out of Glaſs into Air, their common Sine 
in vel 1 being 50. So then the Sines of 

neidences of all the red- making Rays out 


fall upd 
it exad 
tingwh 


nine, di 


ns 2 ec 3 2 . . 
5 o into Air, were to the Sines of their Re- 
the a By not greater than 50 to 77, nor leſs 
of a u 5 0 77% but they varied from one ano- 


F e to all intermediate proportions. 
the Sines of the Incidences of the green- 
making 


to X, th 
conce 
G) 
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making Rays were to the Sines of their Ref 
ctions in all proportions from that of 50 to 7 
unto that of 50 to 77:. And by the like lim 
abovementioned were the Refractions of t 
Rays belonging to the reſt of the Colours d 
fined, the vines of the red- making Rays exten 
ing from 77 to 77, thoſe of the orange-maki 
from 77+ to 77;, thoſe of the yellow-mabi 
from 77; to 775, thoſe of the green-maki 
from 77- to 774, thoſe of the blue-making fr, 
77 to 773, thoſe of the indigo-making fra 
17% ” 772, and thoſe of the violet from; 
I od it oe ds on 
Theſe are the Laws of the Refractions mal 
out of Glaſs into Air, and thence by the th 
Axiom of the firſt part of this Book, the L 
of the Refractions made out of Air into G 
are eaſily derived. ne 
Exper. 8. I found moreover that when Li 
goes out of Air through ſeveral contiguous 
fracting Mediums as through Water and Gt 
and thence goes out again into Air, whet 
the refracting Superficies be parallel or incl. 
to one another, that Light as often as by 0 
trary Refractions tis fo corrected, that em 
geth in Lines parallel to thoſe in which it 
incident, continues ever after to be white. | 
if the emergent Rays be inclined to the ! 
dent, the whiteneſs of the emerging Light" 
by degrees in paſſing on from the place 0 
mergence, become tinged in its edges 
Colours. This ] tryed by refracting Light 
Priſms of Glaſs placed within a priſmatick) 
ſel of Water. Now thoſe Colours argue 
Wau. —— AE ver! 


rere 


Pj] 


RefiMoing and ſeparation of the heterogeneous 
to from one another by means of their une- 

e mi Refractions, as in what follows will more 

of i appear. And, on the contrary, the per- 

ours ent whiteneſs argues, that in like Inciden- 
extcnMof the Rays there is no ſuch ſeparation of 
-makiMemerging Rays, and by conſequence no in- 

-makiſWality of their whole Refractions. W hence 

-makiWm to gather the two following Theorems. 


ing fro 2 

ng fraß The. Exceſſes of the Sines of Refraction 
from everal ſorts of Rays above their common 
> of Incidence when the Refractions are 


ons male out of divers denſer Mediums immedi- 

the ti into one and the ſame rarer Medium, ſup- 
the La of Air, are to one another in a given Pro- 
JJ et et ing 


The Proportion of the Sine of Incidence 
e dine of Refraction of one and the ſame 
of Rays out of one Medium into another, 
mpoſed of the Proportion of the Sine of 
pence to the Sine of Refraction out of the 
Medium into any third Medium, and of the 
bortion of the Sine of Incidence to the Sine 
kefraction out of that third Medium into 


hen Lip 
guous 
and Gl 
„ Whet 
or incl 
as by 00 
that el 


nich 1 Hecond Medium. 

Vhite. %% ͤ ] ùò öͥU l ron 

o the 8 the firſt Theorem the Refractions of the 

; Light g of every ſort made out of any Medium in- 
lace dr are known by having the Refraction of 
edges Nfays of any one ſort. As for inſtance, if 
Light etractions of the Rays of every fort out 
matick an-water into Air be deſired, let the com- 


argue! 


vel ane of Incidence out of Glaſs into Air he 


1 a 


ed 1114 I 
ſubducted from the Sines of Refraction, 
the Exceſſes will be 27, 27, 2735. 27:, 
275, 273, 28, Suppoſe now that the Sine 
Incidence of the leaſt refrangible Rays hy 
their Sine of Refraction out of Rain-watei 
to Air as 3 to 4, and fay as 1 the differen 
thoſe Sines is to 3 the Sine of Incidence, if 
27 the leaſt of the Exceſſes above-mentiaf 
to a fourth number 81; and 81 will be 
common Sine of Incidence out of Rain-y 
into Air, to which Sine if you add all th 
bovementioned Exceſſes you will have the 
{ſired Sines of the Refractions 108, -108-, 1 
108% 1082, 2084, 10803, 10 9. 
By the latter Theorem the Refraction oli 
one Medium into another is gathered as oi 
as you have the Refractions out of them 
into any third Medium. As if the Sine d 
cidence of any Ray out of Glaſs into Air! 
its Sine of Refraction, as 20 to 31, and the 
of Incidence of the fame Ray out of At 
Water, be to its Sine of Refraction as 4 
the Sine of Incidence of that Ray out of. 
into Water will be to its Sine of Refraci 
20 to 31 and 4 to; jointly, that is, as tit 
ctum of 20 and 4 to the Factum of 31 © 
or as 80 to 93. TE 
And theſe Theorems being admitted nM: 
_ ticks, there would be. ſcope enough of 
ling that Science voluminouſly after a nei 
ner; not only by teaching thoſe things 
tend to the perfection of Viſion, but 
determining mathematically all kinds 0! 
nomena of Colours which could be pi 


7 
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ERefrations. For to do this, there is no- 
g elſe requiſite than to find out the Separa- 
5s of heterogeneous Rays, and their various 


tion, 
2 77 5 


1 Ktures. and Proportions in every Mixture. 
1 15 a chis way of arguing I invented almoſt all the 
geren pnomena deſcribed in theſe Books, beſide 


ge others leſs neceſſary to the Argument; 
by the ſucceſſes I met with in the Trials, I 
> promiſe, that to him who ſhall argue tru- 
and then try all things with good Glaſſes 
ſufficient Circumſpection, the expected E- 
+ th will not be wanting. But he 1s firſt to 
108 what Colours will ariſe from any others 
d in any aſſigned Proportion. 


det dhe beth 
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Sine 0 on 
o Air Ws may be produced by Compoſition which 
and the l be liłe to the Colours of homogeneal Light 
t of Au the Appearance of Colour, Fer not as to 


e Immutability of Colour and Conſtitution 
Light. And thoſe Colours by how much 
ey are more compounded by ſo much are they 
[s full and intenſe, and by too much Compo- 
wn they may be Gute and weaken'd till 
ey ceaſe, and the Mixture becomes white or 
ey. There my be alſo Colours produced by 
poſition, which are not fully like any of 
Colours of homogeneal Light. 288 


on as 4 
out of! 
Refradii 
8 28 the 
of 31 


bers OR a Mixture of homogeneal red and yel- 
Ade of i." compounds an orange, like in appea- 
1 be pol of Colour to that orange which in the 


2 eres 


* CF 
ſeries of unmixed priſmatick Colours lies if 
tween them; but the Light of one orang 
homogeneal as to Refrangibility, that of M 
other 1s-heterogeneal, and the Colour of ff 
one, if viewed through a Priſm, remains 
changed, that of the other is changed and 
ſolved into its component Colours red andi 
low. . And after the ſame manner other m 
bouring homogeneal Colours may compaiifi 
new Colours, like the intermediate hony 
neal ones, as yellow and green, the.Colow 
tween them both, and afterwards, if blue WW 
_ ded, there will be made a green the midd:(Mf 
lour of the three which enter the Compoſt 
For the yellow and blue on either hand, if 
are equal in quantity they draw the intern 

ate green equally towards themſelves in (Wl 

poſition, and ſo keep it as it were in Æqull 
that it verge not more to the yellow on ti: 
hand, than to the blue on the other, bu 
their mix d Actions remain {till a middle Ci 

Jo this mix'd green there may be farthe 

ded ſome red and violet, and yet the 
will not preſently ceaſe but only grow {el 
and vivid, and by increaſing the red and 
let it will grow more and more dilute, ul 
the prevalence of the added Colours it bei 
come and turned into whiteneſs, or {ome( 
Colour. So if to the Colour of any hl 
neal Light, the Sun's white Light comp 
all forts of Rays be added, that Colour) 

_ vaniſh or change its Species but be al 

and by adding more and more white it "WW 

. diluted more and more perpetually. L 


—— — —— 8 


: L 117 
and violet be mingled, there will be gene- 
4 according to their various Proportions 


hes} 


Orange 

at of jous Purples, ſuch as are not like in appear- 
ur of e to the Colour of any homogeneal Light, 
mains of theſe Purples mix'd with yellow and 


d and Ne may be made other new Colours. 1 
d and „ N . 
EEE tort 4 bot dot bob org bong boot book ot 


„„ 
rr. V. Inror IV. 


compo 

> hon. . is 

Colon ee aud all grey Colours between white 
Bd black, may be compounded of Colours, and 

We whiteneſs of the Sun's Light is compound- 


blue bt 
middeſ a 
F all the primary Colours mix d in a due 


ompoli{ / 4% 
and, I portion. 
einten - 


The Proof by Experiments 


res in UB 

 EquilWer. 9. I HE Sun ſhining into a dark 
Won 1 Chamberthrough a little round 
her, bi in the W indow-ſhut, and his Light being 
jddle e retracted by a- Priſm to caſt his coloured 
e fare PT Cin Fig. 5 upon the oppoſite Wall: I 
yet the FP a white Paper V to that Image in ſuch man- 
grow ei chat it might be illuminated by the colour'd 
red mut reflected from thence, and yet not inter- 
llute, u any part of that Light in its paſſage from 
urs it be iſm to the Spectrum. And I found that 
or ſome n the Paper was held nearer to any Colour 
* any hol to the reſt, it appeared of that Colour to 
* comp ch it approached neareſt; but when it was 
Jolour V ly or almoſt equally diſtant from all the 
1t be urs, ſo that it might be equally illumina- 


yhite it IP) them all it 8 white. And in this 
ally. L uation of the Paper, if ſome Colours were 
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which was not intercepted. So then the 
; = was illuminated with Lights of various(; 


1o that if it had been either alone (the reſt 


| bounded moſt and been predominant in 


produced that Colour. The ſeveral part 


the Air, do perpetually retain their proper 
of any Spectator, they make the ſeveral par 
lours. They retain therefore their proper. 


lours when they fall upon the Paper V, at 
oy the confuſion and perfect mixture of i 
0 


” e 
E : > 
1 2 CSE Kat © 3 
Re A 


reflected from thenge- on: -: 
Exper. 10. Let that Spectrum or ſolar! 
PT [in Fig. 6.] fall now upon the Lens 
above four Inches broad, and about ſix Fee 
ſtant from the Priſm ABC, and ſo figure 


eth from the Priſm to converge and meet! 


intercepted, the Paper loſt its white Colour, . 
appeared of the Colour of the reſt of the Lia 


ours, namely, red, yellow, green, blue a 
violet, and every part of the Light retained 
proper Colour, until it was incident on thei 


per, and became reflected thence to the Fil 


the Light being. intercepted ) or if it had 


Light reflected from the Paper, it would H 
tinged the Paper with its own Colour; and 
being mixed with the reſt of the Colours ii 
due proportion, it made the Paper look wii 
and therefore by a Compoſition with the 


the coloured Light reflected from the Spettn 
whilſt they are propagated from thence thro 


lours, becauſe wherever they fall upon thebi 


the Spectrum to appear under their proper 


lours compound the whiteneſs of the 


it may cauſe the coloured Light which di, 
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lits Focus G, about fix or eight Feet diſtant 
m the Lens, and there to fall perpendicular- 
upon a White Paper DE. And if you move 
s Paper to and fro, you will perceive that 
Bar the Lens, as at de, the whole ſolar Image 
Ippoſe at pz) will appear upon it intenſely 
Joured after the manner above-explained, and 
&t by.receding from the Lens thoſe Colours 
i perpetually come towards one another, and 
mixing more and more dilute one another 
ntinually, until at length the Paper come to 
Focus G, where by a perfect mixture they 
ſl wholly vaniſh and be converted into white- 
P, the whole Light appearing now upon the 
per like a little. white Circle. And after- 
rds by receding farther from the Lens, the 


our, at 
he Lag 
the] 
10s 
blue a 
tained! 
Mn the? 
the Fy 
ge reſt 
it had 
nt in 
ould I 
„; and] 
lours 1 
ok. wil 


5 — Vs which before converged will now croſs 
> Specinl mother 2 the F ocus G, and diverge from 
ce tales; and thereby make the Colours to ap- 


Ir again, but yet in a contrary order; ſup- 
ſe at 9s, where the red : is now above which 
ore was below, and the violet p is below 


proper 
40 thell 


plats ich before was above. ns 

propel Let us now ſtop the Paper at the Focus G 
ir the Light appears totally white and cir- 
Ire of i ar, and let us conſider its whiteneſs. I ſay, 
of thel t this is compoſed of the converging Colours. 


Ir if any of thoſe Colours be intercepted at 
Lens, the whiteneſs will ceaſe and degene- 


. ſolarln}. iure 

He” into that Colour which ariſeth from the 
t fax Fei poſition of the other Colours which are not 
gulf rcepted. And then if the intercepted Co- 


; rs at Hal | 
ohich Oil a — paſs and fall upon that compound 


OT 
reſtore the whiteneſs. So if the violet, bly 
and green be intercepted, the remaining ye 
low, orange and red will compound upon ti 
Paper an orange, and then if the intercept 
Colours be let paſs they will fall upon this con 
pounded orange, and together with it deco 
pouns a white. So alſo if the red and yidfh 

e intercepted, the' remaining yellow, gre 
and blue, will compound a green upon the] 
per, and then the red and violet being let p 
will fall upon this green, and together with 
decompound a white. And that in this C 
poſition of white the ſeveral Rays do not fui 
any Change in their colorific qualities by ati 
upon one another, but are only mixed, and 

a mixture of their Colours produce white, . 

farther appear by theſe Arguments. 

If the Paper be placed beyond the Focus 
ſuppoſe at d e, and then the red Colour at 
Lens be alternately intercepted, and let paß 

gain, the violet Colour on the Paper wil rn: 
{uffer any Change thereby, as it ought to d 
the ſeveral ſorts of Rays acted upon one: 
ther in the Focus G, where they croſs. Wc. 
ther will the red upon the Paper be chat 
by any alternate ſtopping, and letting paß er 
violet which crofleth it. 
And if the Paper be placed at the Foce 
and the white round Image at G be vine 
through the Priſm HIK, and by the Retraqſue 

of that Priſm be tranſlated to the place 7% 

there appear tinged with various Colours," 
ly, the violet at v and red at 7, and othes 
tween, and then the red Colour at the ie 


| [ 121 | 
t, buf often ſtopp'd and let | pa by turns, the red 


ng y will accordingly diſappear and return as. 
pon tififten, but the violet at v will not thereby ſuf- 
receptor an change. And {o by ſtopping and letting 


1is cons alternately the blue at the Lens, the blue 
will accordingly rm dig and return, with- 
Wit any change made in the red at r. The red 
erefore depends on one ſort of . and 


e blue on another ſort, which in the Focus G 


> let Mere they are commix'd do not act on one 
r wich other. And there is the ſame reaſon of the 
his oe... e 
not fu conſidered farther, that when the moſt re- 
by atiWngible Rays P p, and the leaſt refrangible 
L, and es T'z, are by-converging inclined to one a- 
hite, ther, the Paper, if held very oblique to thoſe 
Jess in the Focus G, might reflect one ſort of 
FocuWem more copiouſly than the other ſort, and 
dur at that means the reflected Light would be 
let palWiged in that Focus with the Colour of the pre- 
er wil Wnminant Rays, provided thoſe Rays ſeverally 
ht to tained their Colours or colorific Qualities in 


one Ne Compoſition of white made by them in that 
deus. But if they did not retain them in that 
lite, but became all of them ſeverally endued 
ere with a diſpoſition to ſtrike the Senſe with 
perception of white, then they could never 
e their whiteneſs by ſuch Reflexions. I in- 
be weed therefore the Paper to the Rays very ob- 
Juely, as in the ſecond Experiment of this 
ace ok, that the moſt refrangible Rays might be 
ours Pre copiouſly reflected than the reſt, and the 
d othe'WODitenels at length changed ſucceſſively into 
at the Me, indigo and violet. Then J inclined 5 
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the Intervals of the Teeth about two Inch 


Paper 


terpoſed, that whiteneſs by reaſon of the inte 
cepted part of the Colours at the Lens did 


that Colour wag by the motion of the Con 


when the Motion was flow, there appeatet 


ſucceſſion could not be diſtinguiſhed from! 
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the contrary way, that the leaſt refrangible Ra 
might be more N roi in the reflected Lig 
than the reſt, and the whiteneſs turned fu, 
ceſſively to yellow, orange and red. 

Laſtly, I made an Inſtrument X Y in faſhig 
of a Comb, whoſe Teeth being in number fy 


teen were about an Inch and an half broad, ar 


* 


wide. Then by interpoſing ſucceſſively th 
Teeth of this Inſtrument near the Lens, I in 
N part of the Colours by the interpoſe 
Tooth, whilſt the reſt of them went on throus 
the interval of the Teeth to the Paper DE, a 
there painted a round ſolar Image. But f 

i had firſt placed ſo, that the Image mig 
appear white as often as the Comb was take 


away; and then the Comb being as was faidi 


ways change into the Colour compounded 
thoſe Colours which were not intercepted, a 


>erperually varied fo, that in the paſling of eit 
Tooth over th Lens all ches ere, re 
yellow, green, blue and purple, did always 
ceed one another. I cauſed therefore all. 
'Tecth to paſs ſucceſſively over the Lens, 1 


perpetual ſucceſſion of the Colours upon 
Paper: But if I ſo much accelerated the) 
tion, that the Colours by reaſon of their qul 


another, the appearance of the ſingle Colo 
ceaſed. There was no red, no yellow, 
ne RD ame 
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the Senſorium, and jointly ſtir up a Senſation 
of them all; and fo it is maniteſt by this Expe 
riment, that the commix'd Impreſſions of 4 
the Colours do ſtir up and beget a Senſation off 
white, that is, that whiteneſs is compounde/fif 
of all the Colours. e Hema 4 
And if the Comb be now taken away, thi 
all the Colours may at once paſs from the Len 
to the Paper, and be there intermixed, and tf 
gether reflected thence to the SpeQators Eye 
their Impreſſions on the Senſorium being noi 
more ſubtilly and perfectly commixed there 
ought much more to ſtir up a Senſation d 


J 8 
You may inſtead of the Lens uſe two Priſm 
 HIK and LMN, which by refracting the col 
loured Ligut the contrary way to that of th 
firſt Refraction, may make the diverging Ray 
converge and meet again in G, as you {ce vi 
preſented in the ſeventh Figure. For whe 
they meet and mix they will compoſe a wii 
Light; as when a Lens is uſed. 
Exper. 11. Let the Sun's coloured Image P. 
fin Fig. 8.] fall upon the Wall of a dark Chan 
ber, as in the third Experiment of the firſt Bod 
and let the ſame be viewed through a Prllt 
abc, held parallel to the Priſm ABC, by who 
Refraction that Image was made, and let it nd 
appear lower than before, ſuppoſe in rhe pit 
8 over againſt the red Cglour T. And if 0 
go near to the Image P . the Spectrum 8 
appear oblong and coloured like the Image P 
but if you recede from it, the Colours of ! 
Spectrum 8 will be contracted more and mo 
| X | | | al 
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Cation nd at length vaniſh, that Spectrum S becoming 
Expe.erfcaly round and white; and if you recede 
of Met farther, the Colours will emerge again, but 
tion A n a contrary order. Now that Spectrum S ap- 


unde ears white in that caſe when the Rays of ſe- 
Parts of the Image PIT, to the Priſm abc, are 
o refracted unequally by it, that in their paſ- 
lige from the Priſm to the Eye they may di- 
Werge from one and the ſame point of the Spe- 


y, tha 
e Len 
and to. 
Eyes 
ag nor 
there, 
tion d 


there be mingled. 


\ Priſm H , by whoſe Teeth the.Colours at the Image 


the oT may be ſucceſſively intercepted ; the Spe- by 
- of thiMWtrum 8 when the Comb is moved ſlowly will 1 
ng Rae perpetually tinged with ſucceſſive Colours : nf 
1 ſee Mut when by accelerating the motion of the 1 
r when Comb, the ſucceſſion of the Colours is ſo quick * 
a Wü that they cannot be ſeverally ſeen, that Spe- "| 
Kirum 8, by a confuſed and mix'd Senſation of iN 
nage hem all, will appear white. „ 1 
k Ch Exper. 12. The Sun ſhining through a large 1 
r{t Bod rim ABC in Fig. 9.] upon a Comb X V, 4 
a Pri kced immediately behind the Priſm, his Light if 
by whdgyiuch paſſed through the Interſtices of the 1 
et it not eeth fell upon a white Paper DE. The 
che p breadths of the Teeth were equal to their In- 
1d if erſtices, and ſeven Teeth together with their 
um SW nterſtices took up an Inch in breadth. Now 
nage]! when the Paper was about two or three Inches 
irs of fiiſtant from the Comb, the Light which paſ- 
nd m0 led through its ſeveral Interſtices painted ſo 
0 | 


= many 


Feral ſorts which converge from the ſeveral. 


rum 8, and ſo fall afterwards upon one and 
She ſame point in the bottom of the Eye, and 


And farther, if the Comb be here made uſe 
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many ranges of Colours, & 4. mn, op, qr, & 
which were parallel to one another * conti 
guous, and without any mixture of white. Au 
theſe ranges of Colours, if the Comb was moi 
ved continually up and down with a reciproci 
motion, aſcended and deſcended in the Paper 
and when the motion of the Comb was ſo quick 
that the Colours could not be diſtinguiſhe 
from one another, the whole Paper by ther 
confuſion and mixture in the Senſorium appear 
ed white. hy w 
Let the Comb now reſt, and let the Pape 
be removed farther from the Priſm, and th 
ſeveral ranges of Colours will be dilated and 
expanded into one another more and more 
and by mixing their Colours will dilute one: 
nother, and at length, when the diſtance d 
the Paper from the Comb is about a Foot, or 
little more (ſuppoſe in the place 2 D 2 E) the 
will ſo far dilute one another as to becom 
White. 5 9 
With any obſtacle let all the Light be non 
ſtopp'd which paſſes through any one inter: 
of the Teeth, ſo that the range of Colours whic 
comes from thence may be taken away, a 
you will ſee the Light of the reſt of the rang 
to be expanded into the place of the range ii 
ken away, and there to be coloured. Let tl 
intercepted range paſs on as before, and! 
Colours falling upon the Colours of the otht 
ranges, and mixing with them, will reſtore tr: 
whiteneſs. 5 3 
Let the Paper 2 D 2 E be now very much! 


clined to the Rays, ſo that the moſt refrangh 


n 


L:vs may be more copiouſly reflected than the 


757 &, 


cont, and the white Colour of the Paper through 
Ane Exceſs of thoſe Rays will be changed into 
as moe and violet. Let the Paper be as much in- 
iprociWined the contrary way, that the leaſt refran- 
Paper ble Rays may be now more copiouſly reflect- 
quich than the reſt, and by their Exceſs the white- 
pullbelM- will be changed into yellow and red. The 
y thenWreral Rays therefore in that white Light do 


appear 


e Pape 
ind the 
ed and 

more 
One 4 
ance 0 
Ot, 0r! 
L) the 
becom 


Stain their colorific qualities, by which thoſe 
Tany ſort, when-ever they become more co- 
Fous than the reſt, do by their Exceſs and Pre- 
pminance cauſe their proper Colour to ap- 
ar. 15 15 

And by the ſame way of arguing, apphed to 
e third Experiment of this Book, it may be 
ncluded,, that the white Colour of all refra- 


mpounded of various Colours. 


Eper. 13. In the foregoing Experiment the 
be nol 
inter 
rs Whic 
ay, all 
> range 
ange ti 
Let th 
and 
le othe 


tore u 


ucing the Phænomenon of one Priſm. Whence 
tead of thoſe intervals ning ſeveral Priſms, 
try'd to compound whiteneſs by mixing their 


alſo by uſing only two as follows. Let two 


puch iſe of the other, and their Planes C B and 
rauf, „ at which the Rays emerge, may lie in Di- 
JJ... rectum. 


ed Light at its very firſt Emergence, where 
appears as white as before its Incidence, is 


4 
1 

| ; 

1 

9 

q 


veral intervals of the Teeth of the Comb do 
e office of ſo many Priſms, every interval pro- 


jolours, and did it by uſing only three Priſms, 


nims ABC and abc, [in Fig. 10.] whoſe re- 

acting Angles B and 6 are equal, be ſo placed 
alle] to one another, that the refracting An- 
e B of the one may touch the Angle c at the 
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or 12 Inches from the Priſms. And the ( 
lours generated by the interior limits B and 
of the two Priſms, will be mingled at P T, x 
there compound white. For if either Pri 
he taken away, the Colours made by the oth; 


ed, when the Angle 6 of the lower Priſm, b 


intercedes ſome ſpace Be, as is repreſented 


the ſuperior Priſm take up the ſpace MT | 
Rays of the ſame kind which come from tif, 


Rays which have intermediate degrees of 


[128] 
rectum. Then let the Light trajected throy 
them fall upon the Paper MN, diſtant about 


will appear in that place P'T', and when 
Priſm is reſtored to its place again, fo that! 
Colours may there fall upon the Colours of t 
other, the mixture of them both will reſto 
the whiteneſs. 8 

Ihis Experiment ſucceeds alſo, as I have t 


little greater than the Angle B of the upp 
and between the interior Angles B and c, the 


the Figure, and the refracting Planes BC. 
bc, are neither in directum, nor parallel too 
another. For there is nothing more requii 
to the ſucceſs of this Experiment, than tl 
the Rays of all forts may be uniformly mi 
upon the Paper in the place PT. If the mt 
refrangible Rays coming from the {uper| 
Priſm take up all the ſpace from M to P, 
Rays of the ſame ſort which come from the! 
ferior Priſm ought to begin at-P, and take 
all the reſt of the ſpace from thence towa! 
N. If the leaſt refrangible Rays coming tro 


ther Priſm ought to begin at T, and take! 
\ the remaining ſpace TN. If one ſort of! 


frangibil 


” 
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hrouMWngibil ity, and come from the ſuperior Priſm 


bout Ml extended through the ſpace M Q, and an- 
he er ſort of thoſe Rays through the ipace MR, 
> and a third ſort of them through the {pace Ms, 
T, a {ame forts of Rays coming from the lower 
r Pri m, ought to illuminate the remaining ſpaces 
ie ot¹ N, RN, SN, reſpectively. And the fame 
hen Io be underitood of all the other forts of 
that Ws. For thus the Rays of every ſort will be 


S of th 


* ttered uniformly and cavenly thro' the whole 
reſto 


ſame proportion, they mult every where 
dduce the ſame Colour. And therefore ſince 
this mixture they produce white in the ex- 


have t 
ifm, b 


1e uppaiWor ſpaces MP and IN, they mult allo pro- 
d c, thee white in the interior ſpace PT. This is 
ſented reaſon of the compoſition by which white- 
BC af was produced in this Experiment, and by 
lel root other way ſoever I made the like compo- 
requiiWn the reſult was whiteneſs. 

than ti altly, If with the Teeth of a Comb of a due 
ny mv the coloured Lights of the two Priſms 


the mch fall upon the {pace P' be alternately 


ns keepted, that ſpace PIT, when the motion 
to P, e Comb is flow, will always appear co- 
om the ed, but by acceler ating the motion of the _ 


bd 0 much, that the ſucceſſive Colours 


e towaot be diftinguiſhed from one another, it 
ning fi ppear white. 

MIT,, 14. Hitherto have pr oduced white- 
rom Wb! mixing the Colours of Priſms. If now 
d take Colours of natural Bodies are to be min- 
ort of let Water a little thicken'd with Soap be 
ees of ned to raiſe a Froth, and after that Froth 
frangibußß 


re MN, and fo being every where mix'd in 
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has ſtood a little, there will appear to one thi 
7 ſhall view it intently various Colours every whellih 
in the Surfaces of the ſeveral Bubbles; but! 
one that ſhall go ſo far off that he cannot 
{tinguith the Colours from one another, 1 
whole Froth will grow white with a perl 
whiteneſs. e 
Exper. 15. Laſtly, in attempting to cor 
pound a white by mixing the coloured Powde 
which Painters uſe, I conſider'd that all « 
lour'd Powders do ſuppreſs and ſtop in then 
very conſiderable part of the Light by whi 
they are illuminated. For they become colon 
by reflecting the Light of their own Colo 
more copiouſly, and that of all other Colo 
more ſparingly, and yet they do not reflect. 
Light of their own Colours ſo copiouſh 
white Bodies do. If red Lead, for inftan 
and a white Paper, be placed in the red Ly 
of the colour'd Spectrum made in a dark Ch 
ber by the Refraction of a Priſm, as is del 
bed in the third Experiment of the firſt B00 
the Paper will appear more lucid than the! 
Lead, and therefore reflects the red-mat 
Rays more copiouſly than red Lead doth. : 
If they be held in the Light of any other! 
| lour, the Light reflected by the Paper will 
ceed the Light reflected by the red Lead! 
much greater proportion. And the like i 
pens in Powders of other Colours. And tit 
fore by mixing ſuch Powders we are not i 
pect a ſtrong and full white, ſuch as 1s ti 
Paper, but ſome dusky obſcure one, fit 
might ariſe from a mixture of light and ; 
| | 4 


* r A Wein ning * 
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ne s, or from white and black, that is, a grey, 
y whe dun, or ruſſet brown, ſuch as are the Co- 
but urs of a Man's Nail, of a Mouſe, of Aſhes, 
nnot ordinary Stones, of Mortar, of Duſt and 
er, rt in High-ways, and the like. And ſuch a 
. perieWirk white I have often produced by mixing 


Ed, and five parts of Viride Aris, compo- 
ga dun Colour like that of a Mouſe. For 


to CON 
Powde 


t all e two Colours were ſeverally ſo compound- 
n then of others, that in both together were a mix- 
by wie of all Colours; and there was leſs red Lead 
colou d than YViride Aris, becauſe of the fulneſs 


Colo its Colour. Again, one part of red Lead, 


r Colo four parts of blue Biſe, compoſed a dun 
eflect Whlour verging a little to purple, and by ad- 
210ully g to this a certain mixture of Orpiment and 
inſtußzg “ Aris in a due proportion, the mixture 
red L its purple tincture, and became perfectly 
rk Cu. But the Experiment ſucceeded belt with- 
is de Minium thus. 'To Orpiment I added by 
irſt Dole and little a certain full bright purple, 
an the fich Painters uſe until the Orpiment ceaſed 
ed-malWbc yellow, and became of a pale red. Then 
doth. Hluted that red by adding a little Viride A- 
other\ | and a little more blue Biſe than Y7ride A. 
cr wil until it became of ſuch a grey or pale white, 

| Lead WiWerged to no one of the Colours more than 
e like Mother. For thus it became of a Colour e- 
And Ul in whiteneſs to that of Aſhes or of Wood 
e not h cut, or of a Man's Skin. The Orpiment 
a8 is titted more Light than did any other of the 
ae, fu ders, and therefore conduced more to the 
and A eneſs of the compounded Colour than they. 


l 1 1 


Nour'd Powders. For thus one part of red 


132 
To aſſign the Proportions accurately may h 
difficult, by reaſon of the different goodneſs 
Powders of the fame kind. Accordingly as th 
Colour of any Powder 1s more or leſs full an 
luminous, it ought to be utcd in a leſs or grex 
er proportion. OE „ 

Now conſidering that theſe grey and dun 
lours may be alſo produced by mixing whit 
and blacks, and by conlequence differ fro 
perfect whitcs not in ſpecies of Colours but o 
ly in degree of Luminoutneis, it is manife 
that there is nothing more requilite to mal 
them perfectly white than to increaſe their Lig 
ſuthciently ; and, on the contrary, if by incre 
{ſing their Light they can be brought to pert: 
whiteneſs, it will thence alſo follow, that tix 
are of the ſame ipccies or Colour with the ht 
whites, and differ from them only in the qua 
tity of Light. And this I tried as follows. It 
the third of the abovemention'd grey Vixtur 
(that which was compounded of Orpiment,P 
ple, Bite, and Viride Aris and rubbed it thid 
ly upon the Floor of my Chamber, wheret 
Sun ſhone upon it through the opened al 
ment; and by it, in the ſhadow, | laid a pt 
of white Paper of the ſame bigneſs. Then gol 
from them to the diſtance of 12 or 18 Feet, 
that I could not diſcern the uncavenneſls of! 
Surface of the Powder, nor the little Shado 
let fall from the gritty Particles thereof; 
Powder appeared intenſely white, ſo as to f. 
ſcend even the Paper it ſelf in whiteneſs, of 
cially if the Paper were a little ſhaded from 
Light of the Clouds, and then the Paper q 
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nd ed with the Powder appeared of ſuch a grey 
i256] lour as the Powder had done before. But 
ul u laying the Paper where the Sun ſhines thro' 


I Glaſs of the Window, or by ſhutting the 
Indo that the Sun might ſhine through the 


Abs upon the Powder, and by ſuch other fit 


r Sreat 


dun f 5 FR 

ry 6 of increaſing or decrealing the Lights 
er fo erewith the Powder and Paper were illumt- 
hut oed, the Light wherewith the Powder is illu— 


mani{Wared may be made ſtronger in ſuch a due 
to mu portion than the Light wherewith the Paper 
vir Lig Illuminated, that they ſhall both appear ex- 


Ly alike in whiteneſs. For when I was try- 


y ncreil> * ; . * 

o perk this, a Friend coming to viſit me, I ſtoppd 
that tat the Door, and before I told him what 

\ theb Colours were, or what I was doing; I ask- 


him, Which of the two Whites were the 
band wherein they diſtered? And after he 
at that diſtance viewed them well, he an- 
a, That they were both good Whites, and 


the qui 
VS. Ito 
Mixtu 
nent, Þ 


d it th} he could not ſay which was beſt, nor 
where ein their Colours dittered. Now if you 
ned der, that this white of the Powder in the 
aid a pie -itne was compounded of the Colours 
Phen gate the component Powders ( Orpiment , 
3 Peel, ple, Biſe, and Viride Aris) have in the 


neſs oke Sun-ſhine, you mult acknowledge by this 
le Shade ment, as well as by the former, that per- 
orcof; WW" bitencls may be compounded of Colours. 

as to Hen what has been ſaid it is alſo evident, 
neſs, Me whiteneſs of the Sun's Light is com- 


ed of all the Colours wherewith the ſe— 
ul torts of Rays whereoi that Light conſiſts, 
u by their ſeveral Retrangibilities they arc 

= K 2 ſepa- 
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diſtinguiſh its circumference into ſeven pat 


from D to E be all degrees of red, at E. 


1 _ 
ſeparated from one another, do tinge Paper fff 
any other white Body whereon they fall. F 
thoſe Colours by Prop. 2. are unchangeable 
and whenever all thoſe Rays with thole the 
Colours are mix'd again, they reproduce thi 
ſame white Light as before. © 
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CROP. VI. Frop-H. 


In a mixture of primary Colours, the quanti 
and quality of each being given, to know th 
Colour of the Compound. 7 


IT H the Center O [in Fig. 1.) and 
dius OD deicribe a Circle AD F, a 


DE, EF, FG, GA, AB, BC, CD, prop 
tional to the ſeven muſical Tones or Inter 
of the eight Sounds, Sl, la, fa, ſol, la, mi, 
fot, contained in an eight, that is, proportion 
to the number , , d, 53 Ne, T 5. Let 
firſt part DE repreſent a red Colour, the 
cond EF orange, the third FG yellow, f 
fourth CA green, the fifth AB blue, thei 
BC indigo, and the ſeventh CD violet. 4 
conceive that theſe are all the Colours of! 
compounded Light gradually paſſing into d 
another, as they do when made by Prims; i 
circumference DEFGABCD, repreſen 
the whoſe ſeries of Colours from one end 
the Sun's colour'd Image to the other, 10! 


[1 
I 


mean Colour between red and orange, fro 


F [ 135 | 
all degrees of orange, at F the mean be- 
Nen orange and yellow, from F to G all de- 
Nes of yellow, and ſo on. Let be the cen- 
of gravity of the Arch DE, and g, 7, s, t, 
„che centers of gravity of the Arches EF, 
WG, GA, AB, BC and CD reſpectively, and 
Put thoſe centers of gravity let Circles pro- 
tional to the number of Rays of cach Co- 
Ir in the given Mixture be deſcrib'd ; that is, 
Circle p proportional to the number of the 


guanti 


| pportional to the number of the orange-ma- 
1.0 


pg Rays in the Mixture, and ſo of the reſt. 
Id the common center of gravity of all thoſe 
Wcles 2, 4, 7, J, l, u, x. Let that center be 
and from the center of the Circle ADF, 
Cough L to the circumference, drawing the 
Fit Line O Y, the place of the Point Y in the 
cumference ſhall ſhew the Colour ariſing 
m the compoſition of all the Colours in the 
en Mixture, and the Line OL ſhall be pro- 
ruional to the fulneſs or intenſeneſs of the 
Pour, that is, to its diſtance from whiteneſs. 
if Y fall in the middle between F and G, 
E compounded Colour ſhall be the beſt yel- 
if Y verge from the middle towards F 
C, the compound Colour ſhall accordingly 


and 
) F, al 
en pan 
propo 
Incervi 
2, Mt, | 
Portion 

Lett 
„the! 
low, 1 
the fa 
let. A 


1r5 of 


fall upon the circumference the Colour 
Il be intenſe and florid in the higheſt degree; 


buld be made by dilutins the intenſeſt yellow 


W-making Rays in the Mixture, the Circle q_ 
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a yellow, verging towards orange or green. 


It fall in the mid way between the circum- 
ſence and center, it ſhall be but half ſo 
enſe, that is, it ſhall be ſuch a Colour as 


3 


«aa 


136 N 
with an equal quantity of whiteneſs; and i part 
fall upon the center O, the Colour ſhall He Circ 
loſt all its intenſeneſs, and become a white. © th 
it is to be noted, That if the point E. fall in Wy be. 
near the line OD, the main ingredients bed the 


the red and violet, the Colour compouniWMhen I 
ſhall not be any of the priſmatick Colours, ſe Ci: 
a purple, inclining to red or violet, accord, th 
ly as the point Z. lieth on the {fide of the lWrweer 
DO towards E or towards C, and in gene, ar 
the compounded violet is more bright and n Hpou 
fiery than the uncompounded. Allo if on ge, 
of the primary Colours which in the circle . 
oppolite to one another be mixed in an e half 
proportion, the point I. ſhall fall upon the orai 
ter O, and yet the Colour compounded i or 
thoſe two ſhall not be perfectly white, but ge; 1 
faint anonymous Colour. For I could reg may! 
yet by mixing only two primary Colours ee w 
duce a perfect white, Whether it may be col Line 
pounded of a mixture of three taken at ng no 
diſtances in the circumference I do not ite P 
but of four or five I do not much queſtion Mets r 
it may. But theſe are Curioſities of little a his | 
moment to the underſtanding the PhenongWice, 
of Nature. For in all whites produced H the 
ture, there uſes to be a mixture of all oe, 


Sin t 
reſt 
| paſs. 
pour 
LOIOU 


br Mi 


Rays, and by conſequence a compolition d 
Colours. VV | 
Io give an inſtance of this Rule; ſuppot 
Colour is compounded of theſe homogel 
Colours, of violet one part, of indigo oneP 
of blue two parts, of green three parts, of 


low hve Parts, of Orange {1% parts, and of | 


E137] 
Þ parts. Proportional to theſe parts deſcribe 
Circles x, V, t, 5, 7, 9, p, reſpectively, that 
00 that if the Circle x be one, the Circle v 
v be one, the Circle 7 two, the Circle s three, 
the Circles 7, nnd p, five, ſix and ten. 
Hen I find J the common center of gravity of 
te Circles, and thi ough J. drawing che Line 
V. the Point X falls upon the circumlerence 
een E and F, ſome thing nearer to E than 
WF, and thence I conclude, that the Colour 
D pounded of theſe Ingredients will be an o- 10 
oe, verging a little more to ro! th an to yel- 1 
WF. Allo I find that O is a litile leſs than 4 
E half of OY, and thence | conclude, that | 41 
b orange hath a little leſs than half the ful- 0 
Ws or intenſeneſs of an uncompounded o- 1 
ge; that is to ſay, that it is ſuch an or ange 1 
ne may be made by mixing an homogeneal o- 1 
ge with a good white in the pr oportion of Wh 
ca Line O to the Line Z. V, this Proportion 
eng not of the quantities of mixed or ange and 
note Powders, but of the quantities of the 
on Wits reflected from them. 

Wl his Rule 1 conceive accurate enough for 
once, though not mathematically accurate; 
che truth of it may be ſufficiently proved to 
oe, by ſtopping any of the Colours at the 
n 01 Wis che tenth Experiment of this Book. For 
reſt of the Colours which are not ſtopp'd, 
[paſs on to the Focus of the Lens, will there 
ogeß pound either accurately or very nearly ſuch 
nc golour as by this Rule ought to reſult from 

We Mixture. 


PROP, 
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PROP. VII. Tureor, V. 


Ween 


Wen | 
All the Colours in the Univerſe which are ms of 
by Light, and depend not on the Power of ite i 
magiuation, are either the Colours of homing Yu 
neal Lights, or compounded of theſe, and ie KR 
either accurately or very nearly, according ir ſe 
the Rule of the foregoing Problem. on 
OR it has been proved (in Prop. r. Part. Bi 
that the changes of Colours made by kW: wh 
fractions do not ariſe from any new Modi ing 1 
tions of the Rays impreis'd by thoſe RetractionMal f. 
and by the various Terminations of Light Mred [ 
Shadow, as has been the conſtant and geneMWhe wi; 
Opinion of Philoſophers. It has alio been pi Colo 
ved that the ſeveral Colours of the homogenWlour 
Rays do conſtantly anſwer to their degrees Wd is e 
| Retrangibility, (Prop. 1. Part x. and Pic lour 
Part 2.) and that their degrees of Refranght as 
lity cannot be changed by Retractions and NW Rays 
flexions, (Prop. 2. Part. 1.) and by conſeque ours 
that thoſe their Colours are likewiſe 1nuWn th 
ble. It has alſo been proved directly by relics as 
cting and reflecting homogeneal Lights apa ret: 
that their Colours cannot be changed, (Dylan 
Part. 2.) It has been proved alſo, that Vat a 
the ſeveral forts of Rays are mixed, and nt of | 
ſing paſs through the fame ſpace, they do Heri 
act on one another ſo as to change cach o!Wtract 
colorific qualities. (Exper. 10. Part. 2.) Wed fr 
mixing their Actions in the Senſorium beer ( 
- Senſation differing from what either would] the 


apart, that is a Senſation of a mean Colom 


MN her 
IN 


„ 

geen their proper Colours; and particularly 
ben by the concourſe and mixtures of all 
of Rays, a white Colour is produced, the 
ie is a mixture of all the Colours which the 
1 would have apart, (Prop. 5. Part 2. 
e Rays in that mixture do not loſe or alter 
Fir ſeveral colorific qualities, but by all their 
bious kinds of Actions mix'd in the Senſori- 
p, beget a Senſation of a middling Colour 
teen all their Colours, which is whiteneſs. 
dr whiteneſs is a mean between all Colours, 
ring it ſelf indiflerently to them all, ſo as with 
qual facility to be tinged with any of them. 
red Powder mixed with a little blue, or a 
e with a little red, doth not preſently loſe 
Colour, but a white Powder mix'd with any 
blour is preſently tinged with that Colour, 
dis equally capable of being tinged with any 


1he! 
100 
Lan 
ner 
\ Pr 
Tent 
ees | 


our whatever. It has been ſhewed alſo, 
nat as the Sun's Light is mix'd of all forts 


dN 
Je! 
You 
7 reſt 

apa 
Prop 
t wil 
in cl 
do! 
| ot 
| but 
bege 

uld 
our 
tv 


Rays, fo its whiteneſs is a mixture of the 
lours of all forts of Rays; thofe Rays having 
m the beginning their ſeveral colorific qua- 


d retaining them perpetually unchanged not- 
Mat any time ſuffer, and that whenever any 
t of the Sun's Rays is by any means (as by 
Icxion in Exper. 9 and 10. Part 1. or by 
ed from the reſt, they then manifeſt their 
(the ſum of all this amounts to the Propoſi- 


n here to be proved. For if the Sun's Light 


es as well as their ſeveral Refrangibilities, 


ſtanding any Retractions or Reflexions they 


fraction as happens in all Refractions) ſepa- 


per Colours. Theſe things have been proved, 
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is mix'd of ſeveral ſorts of Rays, each of wii 
have originally their ſeveral Refrangibilitics an 
colorific Qualities, and notwithſtanding thei 
Refractions and Reflexions, and their varioy 
Separations or Mixtures, keep thole their or 
ginal Properties perpetually the fame withoy 
alteration; then all the Colours in the Wo 


Ine.“ 
Jance 
Le. 


muſt be ſuch as conſtantly ought to ariſe fron 
the original colorific qualities of the Rays where / 
of the Lights conſiſt by which thoſe Colon E. 
are ſeen. And therefore if the reaſon of anf r 
Colour whatever be required, we have nothinrcc 
elſe to do then to conſider how the Rays in ot 
_ Sun's Light have by Reflexions or Refractia dent 
or other cauſes been parted from one anotherMo++ ; 
or mixed together; or otherwiſe to find ou dee 
what {orts of Rays are in the Light by whidMW;cc 1 
that Colour 1s made, and in what pr opor tion aking 
and then by the laſt Problem to learn tu: CoMW;: 95 
lour which ought to ariſe by mixing ig! een 
(or their Colours) in that pr oportion. 1 ſpat. 
here of Colours fo far as they arite from Lie mic 
For they appear ſometimes by other Cauics, Mage 
when by the power of Fhataly we ſec Colour in 
in a dream, or a mad Man fees things beg. } 
him which are not there; or when we ſce ihr: a, 
by ſtriking the Eye, or ſee Colours like the! en! 
of a Peacock's Feather, by preſſin ; our Eycs han a: 
either corner whilſt we look the other w + 
Where theſe and ſuch like Cauſes int -polc n int. 
the Colour always anſwers to the 10: * Or ou en 
of the Rays whereof the Light contii's, rs ©: 
have conſtantly found in whatever Phanomen 


of Colours I -have hitherto been able to Cx 
mil 
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L Be. I ſhall in the following Pr opoſitions Wye 


by _ of this in the Phanomena of chiefeſt 


1 


Jen 4 

Wo Ea ee 
Wo 

out PRO * VII. Pros. III. 

508 


he diſcovered Properties of Li 257 40 ex- 
Plain the Colours made by Pr ins. 


ET ABC {in Fig. 12. repreſent a Priſm 


an refracting the Light of the Sun, which 
Nin mes into a dark Chamber through a hole F © 
volt as broad as the Priſm, and let MN re- 
10ns 


felent a white Paper on which the refracted 
ont is caſt, and ſuppoſe the moſt refrangible 
deepeſt violet-making Rays fall upon the 
pace Pæ, the leaſt refrangible or deepeſt red- 
aking Rays upon the Space T7, the middle 
t between the indigo-making and blue-ma- 
Ing Rays upon the Space & x, the middle fort 


pea the green- making Rays upon the Space R ge, 
e middle ſort between the yellow-making and 
GS Wan oc -making Rays upon the Space 8, and o- 
Ou ger intermediate forts upon intermediate Spa- 
fi For ſo the Spaces upon which the {ſeveral 


Font Retr; angibility of thoſe ſorts be one lower 
an another. Now if the Paper MN be fo 


r the Priſm that the © Spaces PT and 27 do 
c 108) interfere with AE another, the diſtance be- 
cen them 'T' 7 will be illuminated by all the 
s of Rays in that proportion to one another 
000 Lich they havc at their very fart coming out 
0 Cx 0 
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of the Priſm, and conſequently be white. B 
the Spaces PT and 77 on either hand, will nl 
be illuminated by them all, and therefore wil 
appear coloured. And particularly at P, wei 
the outmolt violet-making Rays fall alone, M 
Colour mult be the deepeſt violet. At O whe 
the violet-making and indigo-making Rays al 
mixed, it muſt be a violet inclining much 
indigo. At R where the violet-making, ind 
go-making, bluc-making, and one half of ti 
green-making Rays are mixed, their Colo 
muſt (by the conſtruction of the ſecond p 
blem) compound a middle Colour between i 
digo and blue. At 5 where all the Rays ai 
mixed except the red- making and orange m 
king, their Colours ought by the fame Rule 
compound a faint blue, verging more to gre 
than indigo. And in the progreſs from & to 
this blue will grow more and more faint ani 
dilute, till at T, where all the Colours begint 
be mixed, it ends in whiteneſs. _ 5 
So again, on the other fide of the white a: 
where the leaſt refrangible or utmoſt red-m 
king Rays are alone, the Colour muſt be tM 
deepeſt red. At © the mixture of red and of 
range will compound a red inclining to orang 
At ę the mixture of red, orange, yellow, a 
one half of the green muſt compound a mid 
Colour between orange and yellow. At 2 f 
mixture of all Colours but violet and indigo 
compound a faint yellow, verging more to gret 
than to Orange. And this yellow | will gros 
more faint and dilute continually in Us prog 

| Ces | r0l 
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bn y tor; where by a mixture of all ſorts 
[Rays it will become white. 

FTheſe Colours ought to appear were the Sun's 
aht perfectly white: But becauſe it inclines 
yellow, the Exceſs of the yellow-making 


mixed with the faint blue between Sand T, 
Ell draw it to a faint green. And ſo the Co- 
rs in order from P to r ought to be violet, 
ago, blue, very faint green, white, taint yel- 


dn: And they that pleaſe to view the Colours 
kde by a Priſm will tind it ſo in Nature. 

Theſe are the Colours on both ſides the white 
hen the Paper is held between the Priſm, and 
& Point X where the Colours meet, and the 
erjacent white vaniſhes. For if the Paper be 


It of the Rays which are found there, will by 
Ixture produce a fuller green than before. Al- 
the yellow and blue will now become leſs 


e tWmpounded, and by conſequence more intenſe 
nd on before. And this allo agrees with expe- 
rang ce. ” 

„ And if one look through a Priſm upon a 
nadie Object encompaſſed with blackneſs or 
% UliWkneſs, the reaſon of the Colours ariſing on 
30 WF cdgcs is much the fame, as will appear to 
gehe that ſhall a little conſider it. If a black Ob- 
$088 be encompaſſed with a white one, the Co- 
0 'S Which appear through the Pritm are to be 

rol 


wed from the Light of the white one, ſpread- 


bys whereby tis tinged with that Colour, be- 


by, orange, red. Thus it is by the computa- 


Id {till farther off from the Priſm, the moſt 
Irangible and leaſt refrangible Rays will be 
knting in the middle of the Light, and the 
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ing into the Regions of the black, and then bl 
fore they appear in a contrary order tc th blue 
when a white Object is ſurrounded with bad Sun 
And the ſame is to be underſtood when ang a 

ject is viewed, whoſe parts are ſome of the 
leis luminous than others. For in the bord 
of the more and leſs luminous parts, Colo 
_ ought always by the fame Principles to alt c 
from the Exceis of the Light of the more 
minous, and to be of the fame kind as if til 
darker parts were black, but yet to be mol 
taint and dilute. pol -- 
| What is ſaid of Colours made by Priſms mi 
| be eaſily applied to Colours made by the GHV 
= of Teleſcopes or Microſcopes, or by the H 
mours of the Eye. For if the Object-glats off 
a Teleſcope be thicker on one ſide than on 
other, or if one half of the Glaſs, or one hu 
of the Pupil of the Eye be cover'd with at 
opake ſubſtance: the Object-glaſs, or that pi 
of it or of the Eye which is not cover'd, m 
| be conſider'd as a Wedge with crooked vil 
me and every Wedge of Glaſs or other pellucgſ 
_ Subſtance has the effect of a Priſm in retract 
the Light which paſſes through it. 


— — 


— — — — - —— — — 


How the Colours in the ninth and tenth ef it 
periments of the firſt Part ariſe from the dice dic 
rent Reflexibility of Light, is evident by wil. F 
was there ſaid. But it is obſervable in the nat P 
Experiment, that whilſt the Sun's direct Ls 
is yellow, the Exceſs of the blue-making Rer. 
in the reflected beam of Light MN, tuiliWnd 
only to bring that yellow to a pale white na cat 
ning to blue, and not to tinge it with a mae r 


fell 


E109 | 
a blue Colour. To obtain therefore a bet- 
thy 


ad 


0 


> Sun the white Light of the Clouds, by va- 
(Ong a little the Experiment, as follows. 
hfW/xper. 16. Let HF G in Zig. 13.] repre- 
le 


bc a Priſm in the open Air, and S the Eye of 
ou Spectator, viewing the Clouds by their 
xiWht coming into the Priſm at the plane fide 
eK, and reflected in it by its baſe HEIG, 
1 
mor 


ml 
alt 
Hh 
ils 
n th 
e Jul 
1 all 
t pu 
ma 


but 40 Degrees, the Spectator will ſee a Bow 


| Baſe to the other, with the concave ſide 


EMNH on the other {ide of it. This blue Co- 


ion of a ſpecular Superficies, ſeems ſo odd a 


videWnomenon , and ſo difficult to be explain- 
lucy the vulgar Hypotheſis of Philoſophers, 


actuß | could not but think it deſerved to be ta- 
cab: 
dite 
ht 
> punt 


[of it, ſuppoſe the Plane ABC to cut the 


From the Eye to the Line BC, where- 
lat Plane cuts the Baſe, draw the Lines 8 


Le in the Angles Spc 50 degr. 4, and S7c 
Rah er. =, and the Point y will be the limit 
uid which none of the moſt refrangible 


incl 
Mall 
fell 


can paſs through the Baſe of the Priſm, 
be refratted, whoſe Incidence is ſuch that 


blue, I uſed inſtead of the yellow Light of 


hence going out through its plane ſide 
FFK to the Eye. And when the Priſm and 
are conveniently placed, ſo that the Angles. 
Incidence and Reflexion at the Baſe may be 
N of a blue Colour, running from one end of 


fards him, and the part of the Baſe MNG 
ond this Bow will be brighter than the other 


M being made by nothing elſe than by re- 


notice of, Now for underſtanding the rea- 


e dides and Baſe of the Priſm perpendicu- 


FE 


on the Baſe beyond , that is, between ? and 


reflected thither: But on this fide 7, that 


and c, many of theſe Rays will get through! 


and in other places between 2 and 7, whe 


they may be reflected to the Eye; and i ;. 
Point f will be the like limit for the leaſt Here 
frangible Rays, that is, beyond which none 
them can paſs through the Baſe, whoſe H 
dence is ſuch that by Reflexion they may co 
to the Eye. And the Point taken in the ni 
dle way between y and t, will be the like H 
for the meanly refrangible Rays. And ther 
fore all the leaſt refrangible Rays which fally 


and can come from thence to the Eye will 


between F and c, many of theſe Rays will cia! 
tranſmitted through the Baſe. And all the nk a 
refrangible Rays which fall upon the Baſe Wn li 
yond p, that is, between p and B, and cps c 
reflexion come from thence to the Eye, vil Nato 
reflected thither, but every where betwet 


Baſe and be refracted; and the ſame 1s to 
underitood of the meanly refrangible Ras 
either ſide of the Point 9, Whence it fol e ful 
that the Baſe of the Priſm muſt every vis 4, 
between F and B, by a total reflexion of a 
of Rays to the Eye, look white and bi 
And every where between p and C, by f 
of the tranſmiſſion of many Rays of ever! 
look more pale, obſcure and dark. Bur 


the more refrangible Rays are reflected een 
Eye, and many of the leis refrangible are! 
mitted, the Exceſs of the molt refrangl 
the reflected Light will tinge that Ligit Wlicaric 
their Colour, which is violet and blue. ef V 


1: happens by taking the Line C p77 B any 
ere between the ends of the Priſm H G 


M 
Els Bow never appears but where it 
hat rains in the Sun-ſhine, and may be made 
ll WMicially by ſpouting up Water which may 
en aloft, and ſcatter into drops, and fall 
ale n like Rain. For the Sun ſhining upon theſe 
canWps certainly cauſes the Bow to appear to a 
wilctator ſtanding in a due poſition to the Rain 
wee sun. And hence it is now agreed upon, 
ug this Bow is made by refraction of the Sun's 
1s ohe in drops of falling Rain. This was un- 
Ravs Mood by ſome of the Ancients, and of late 
folge fully diſcover'd and explain'd by the fa- 
ui Antonius de Dominis Archbiſhop of Spa- 
Fal in his Book De Radiis Vicus & Lucis, pub- 
wbaßge by his Friend Bartolus at Venice, in the 
Dy 100: 1611, and written above 20 Years before. 
ven he teaches there how the interior Bow is 
Put Wie in round drops of Rain by two Refra- 
wines of the Sun's Light, and one Reflexion 
ed een them, and the exterior by two Refra- 
are es and two forts of Reflexions between 
ang m each drop of Water, and proves his 
git Wications by Experiments made with a Phial 
lue. er Water, and with Globes of Glaſs filled 
_ nn 


fame Explication Des-Cartes hath purſued 


origin of Colour's, it's neceſſary to purſue 


fore how the Bow is made, let a drop of R 


incident upon it at N, and thence refradted 


and at G let it either go out by Refraction to 


diculars CD and CE, and produce CD tl 


the incident Ray AN draw the diameter! 


come to L, the Arch OF will firſt increak 
which the Rays AN and GR contain; and 


ſo the Angle AVS which the Rays AN and 
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with Water, and placed in the Sun to make t 
Colours of the two Bows appear in them. H 


his Meteors, and mended that of the exteri 
Bow. But whilit they underſtood not the t 


here a little farther. For underſtanding ther N 6 


or any other ſpherical tranſparent Body be rei 
ſented by the Sphere BNF G, [in Fig. 14. i 
{cribed with the center C, and ſemi-diame 
CN. And let AN be one of the Sun's R4 


F, where let it either go out of the Sphere 
Refraction towards V, or be reflected to 


or be reflected to H; and at let it go oui 
Refraction towards 8, cutting the incident! 
in Y; produce AN and RG, till they meet 
X, and upon AX and NF let fall the pery 


fall upon the circumference at L. Parale 


and let the Sine of Incidence out of Ait 
Water be to the Sine of Refraction as I t0 
Now if you ſuppoſe the Point of Incidendt 
to move from the Point B, continually fl 


then decreaſe, and ſo will the Angle 1 
Arch QF and Angle AXR will be by 


when ND is to CN as VIERK tov 3 RR 
which caſe NE will be to ND as 2Rtol. 


C0 


"POR. — — — — —— —— e ——— — — — — 


[19] 
Cain will firſt decreaſe, and then increaſe 
| grow leaſt when ND is to CN as VNR 
/$ RR, in which caſe NF, will be to ND 
;Rto]. And fo the Angle which the next 
ergent Ray (that is, the emergent Ray after 
ee Reflexions) contains with the incident 
AN will come to its limit when ND is to 
Cas VII NR to v 15 RR, in which caſe NE. 
be to ND as 4R tol. And the Angle which 
Ray next after that emergent, that is, the 
y emergent after four Reflexions, contains 
h the incident will come to its limit, when 
) is to ON as VNR to / 24 RR, in which 
e NE will be to ND as 5R to]; and ſoon 


4 = the numbers 3, 8, 15, 24, ©c. being 
* her d by continual addition of the terms of 
*  arithmetical Progreſſion 3, 5, 7, 9, Sc. The 


th of all this Mathematicians will eaſily ex- 


ol EEE. ET 
perp Now 1t is to be obſerved, that as when the 
Du comes to his Tropicks, Days increaſe and 
ralekreale but a very, little for a great while to- 
ter Her; ſo when by increaſing the diſtance CD, 

| ble Angles come to their limits, they vary 


ir quantity but very little for ſome time to- 
her, and therefore a far greater number of 


100 Rays which fall upon all the Points N in the 
mA adrant BL, ſhall emerge in the limits of 
1 le Angles, than in any other Inclinations. 


d farther it is to be oblerved, that the Rays 
ich differ in Refrangibility will have diffe- 


RR limits of their Angles of Emergence, and 
= $63 TI according to their different de- 
Jad of Refrangibility emerge moſt copiouſly 


n L 3 UL 


Rays moſt copiouſly to the Eye, and delt 


[ =] 


in different Angles, and being ſeparated fg 


one another appear each in their proper (What 
lours. And what thoſe Angles are may be MO | 
ſily gather'd from the foregoing Theorem gr. 
computation. 5 _ Wire 
For in the leaſt refrangible Rays the Sine erge 
and R (as was found above) are 108 and s 
and thence by computation the greateſt A arc 
. AXR will be found 42 Degrees and 2 MinutMth t 
and the leaſt Angle AYS, 50 Degrees and db 
Minutes. And in the moſt refrangible Rays e in 
Sines I and R are 109 and 81, and thence Wine 1 
computation the greateſt Angle A X R will Wand 
found 40 Degrees and 17 Minutes, and the our 
Angle AY S 54 Degrees and 7 Minutes. fran 
Suppoſe now that O [in Fig. 15.] is the 9 pm E 
ctator's Eye, and OP a Line drawn parallel ou 
the Sun's Rays, and let POE, POF, PURE 
PO H, be Angles of 40 Degr. 17 Min. 4: De m 
2 Min. 50 Degr. 57 Min. and 54 Degr. Map 
reſpectively, and theſe Angles turned aba! 
their common Side OP, ſhall with their ole 
Sides OE, OF; OG, OH, deſcribe the Ve ele 
of two Rain-bows AF BE and CHDG. e 
if E, P, G, H, be drops placed any where the 
the conical Superficies deſcribed by OE, Men 
O, OH, and be illuminated by the Sun's be! 
SE, SF, SG, SH; the Angle SE © bei pet 
qual to the Angle POE or 40 Degr. 7M 0 b 
ſhall be the greateſt Angle in which the I. 
refrangible Rays can after one Reflexion be e 
fracted to the Eye, and therefore all the e. 
in the Line OE ſhall ſend the moſt retrang! # 5 
0 


f 


— At hs ee) Jute th Miri ht ee Orr er 


7 *" 
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ke the Senſes with the deepeſt violet Colour 

that Region. And in like manner the Angle 

0 being equal to the Angle POF, or 42 
bor, 2 Min. ſhall be the greateſt in which the 

t refrangible Rays after one Reflexion can 


fro 


ne erge out of the drops, and therefore thoſe 
4 ſhall come molt copioully to the Eye from 
drops in the Line OF, and ſtrike the Senſes 
mh the deepeſt red Colour in that Region. 
by the fame Argument, the Rays which 
15's intermediate degrees of Refrangibility ſhall 


me moſt copiouſly from drops between E and 
and ſtrike the Senſes with the intermediate 
dlours in the order which their degrees of 
ffrangibility require, that is in the progreſs 
7 m E to F, or from the inſide of the Bow to 
outſide in this order, violet, indigo, blue, 
en, yellow, orange, red. But the violet, by 


appear faint and incline to purple. 


abo gain, the Angle SG O being equal to the 
r og POG, or 50 Gr. 51 Min. ſhall be the leaſt 
ven ele in which the leaſt refrangible Rays can 
3. Nr two Reflexions emerge out of the drops, 
ere therefore the leaſt refrangible Rays ſhall 
P, Oe moſt copioully to the Eye from the drops 
e Line OG, and ftrike the Senſe with the 
beine pett red in that Region. And the Angle 


he de out of the drops, and therefore thoſe 
frang s wall come moſt copiouſly to the Eye from 
ben drops in the Line OH, and ſtrike the Senſes 


mixture of the white Light of the Clouds, 


0 being equal to the Angle POH or 54 Gr. 
the Un. ſhall be the leaſt Angle in which the moit 
angible Rays after two Reflexions can e- 
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2 with the deepeſt violet in that Region. AnMeorce, 


| by the fame Argument, the drops in the RW be. 
| gions between G and H ſhall ſtrike the Sener. 4 
| with the intermediate Colours in the ord e grea 
| which their degrees of Refrangibility rcquirgſ Degr 
| that is, in the progreſs from G to H, or fru Degr 
| the inſide of the Bow to the outſide in this off the I 
| der, red, orange, yellow, green, blue, indioMarly, 
| violet. And ſince theſe four Lines OE, ()Mertcc. 
i OG, OH, may be ſituated any where in r 
| abovemention'd conical Superficies, what 1s {aſc inte! 
of the Drops and Colours in theſe Lines the r. 
; be underſtood of the Drops and Colours ff Min 
| where in thoſe Superficies. red | 
1 Thus ſhall there be made two Bows of ich v 
5 lours, an interior and ſtronger, by one Reiiexiocadth 
ſp in the drops, and an exterior and fainter ſides 
i two; for the Light becomes fainter by by t. 
KF Reflexion. And their Colours ſhall lie in a cot mes 
f trary order to one another, the red of bo eadth 
| Bows bordering upon the Space GF which Wat of t 
| between the Bows. The breadth of the in ole b 
b rior Bow EOF meaſured croſs the Colouiiſecs, a 
. ſhall be x Degr. 45 Min. and the breadth of Iris 
1 exterior G OH ſhall be 3 Degr. 10 Min. and Hees an 
F diſtance between them G O F ſhall be 8 Gr. Woader 
Min. the greateſt Semi-diameter of the int ont 
moſt, that is, the Angle PO F being 42 Gr. WM vreac 

Min, and the leaſt Semi-diameter of the out Bo 

moſt PO G, being 50 Gr. 57 Min. Theſe a ore: 

the Meaſures of the Bows, as they would e brea 

were the Sun but a point; for by the breadiFterior 

of his Body the breath of the Bows will be Hours 


creaſed and their diſtance decreaſed * 
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rce, and ſo the breadth of the interior Iris 


til 3 | ; | | 

1 Wil be 2 Degr. 15 Min. that of the exterior 3 
er. 40 Min. their diſtance 8 Degr. 25 Min. 
WM: orcateſt Semi-diameter of the interior Bow 


Degr. 17 Min. and the leaſt of the exterior 


of the Bows in the Heavens found to be very 
Ah when their Colours appear ſtrong and 
)Wrfec. For once, by ſuch means as I then 
+, | meaſured the greateſt Semi-diameter of 
8c interior Iris about 42 Degrees, the breadth 


the red, yellow and green in that Iris 63 or 
uUinutes, beſides the outmoſt faint red ob- 
red by the brightneſs of the Clouds, for 


ich we may allow 3 or 4 Minutes more. The 
xiecadth of the blue was about 40 Minutes more 


des the violet, which was fo much obſcu- 


ved by the brightneſs of the Clouds, that I could 
cot meaſure its breadth. But ſuppoling the 
boWeadth of the blue and violet together to equal 
it of the red, yellow and green together, the 
int ole breadth of this Iris will be about 24 De- 


s Iris and the exterior Iris was about 8 De- 
es and 30 Minutes. The exterior Iris was 


. Woader than the interior, but ſo faint, eſpeci- 
neon the blue fide, that 1 could not meaſure 
Jl. 


& breadth ne, At another time when 


ute Bows appeared more diſtinct, I meaſured 
e e breadth of the interior Iris 2 Gr. 10, and 
de breadth of the red, yellow and green in the 


Kertor Iris, was to the breadth of the ſame 
vours in the interior as 3 to 2. 


Degr. 42 Min. And ſuch are the Dimenſions | 


ees, as above. The leaſt diltance between 
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Globe filled with Water, and viewing it in ſuc 
a poſture that the Rays which come from th 


Rays an Angle of either 42 or 50 Degrees. Fe 


and if this were certain, the Colours of il 
Globe and Rain-bow ought to appear in ach! 


[154 ] 
This Explication of the Rain-bow is yet fu 
ther confirmed by the known Experiment (mad 


by Antonius de Dominis and Des-Cartes ) 
hanging up any where in the Sun-ſhine a Gl, 


the ( 
ems to 
hat Co 
ay 5 [ 
rve in 
at the 


Globe to the Eye may contain with the Su Im w 


if the Angle be about 42 or 43 Degrees, th 2 
Spectator (ſuppoſe at O) ſhall ſee a full ich is 
Colour in that {de of the Globe oppoſed He. th; 
the Sun as tis repreſented at FE, and if that An . Hine 
gle become leſs (ſuppoſe by depreſſing the Gen it 
to E.) there will appear other Colours, yelloſ over 
green and blue ſucceſſively in the ſame fide Mine 
the Globe. But if the Angle be made abo in by 
50 Degrees (ſuppoſe by lifting up the Globe Met te 
G) there will appear a red Colour in that ſ Hut 26 
of the Globe towards the Sun, and if the Maduall 
gle be made greater (ſuppoſe by lifting up H reaſe 
Globe to H) the red will turn ſucceſſivey i yn, 
the other Colours, yellow, green and blufherica 
The ſame thing I have tried by letting a GI flat; 


reſt, and raiſing or depretiing the Eye, or 
therwiſe moving it to make the Angle of aj 
magnitude. ate a Wy 

[ have heard it repreſented, that if the Lig 


gro 
at of 
e dun 
Ab- ſto 


of a Candle be refracted by a Priſm to the H the; 
when the blue Colour falls upon the Eye Woh] 
Spectator ſhall ſee red in the Priſm, and wing; 


the red falls upon the Eye he ſhall ſee blue op 


inter. 


trary order to what we find. But the Colo more 
| | 8 I 


—— Nm > EIS ho 
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de Candle being very faint, the miſtake 14 

ns to ariſe from the difficulty of diſcerning "Mi 
hat Colours fall on the Eye. For, on the con- 19 
ry, I have ſometimes had occaſion to ob- . 
ve in the Sun's Light refracted by a Priſm, _ 
at the Spectator always ſees that Colour in the al 
im which falls upon his Eye. And the ſame | 1 
have found true alſo in Candle-light. For 08 
hen the Priſm is moved ſlowly from the Line 1 | 
hich is drawn directly from the Candle to the 4 
re, the red appears firſt in the Priſm and then _ 
e blue, and therefore each of them is ſeen vB 
hen it falls upon the Eye. For the red paſ- 7 
over the Eye firſt, and then the blue. 14/1 


The Light which comes through drops of (#8 
Kin by two Refractions without any Reflexion, 1 


ght to appear ſtrongeſt at the diſtance of a- . 18 
hut 26 Degrees from the Sun, and to decay ii 

adually both ways as the diſtance from him 1 
creales and decreaſes. And the ſame is to . Þ 
 underitood of Light tranſmitted through 15 


herical Hail- ſtones. And if the Hail be a lit- 
 flatted, as it often is, the Light tranſmitted 
grow fo ſtrong at a little leis diſtance than wb 
at of 26 Degrees, as to form a Halo about 44 
e dun or Moon; which Halo, as oiten as the | 
al- tones are duly figured may be colour'd, 
d then it muſt be red within by the leaſt e- 
ingible Rays, and blue without by the molt 
Tangible ones, eſpecially if the Hail-ſtones 
Je opake Globules of Snow in their center 
intercept the Light within the Halo (as Hu- 
115 has obſerv'd) and make the inſide there- 
more diſtinctly defined than it would other 11: 
88 | e 
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without, and darker in the red than withoy 


directeſt Lines. 


perhaps be ſenſible. 
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flects the Rays of its own Colour more co 


95 156 
wiſe be. For ſuch Hail-ſtones, though ph; 
nical, by terminating the Light by the Snoy 
may make a Halo red within and colour 


as Halos uſe to be. For of thoſe Rays whi 
paſs cloſe by the Snow the Rubriform wil 
leaſt retracted, and ſo come to the Eye in th 


Ihe Light which paſſes through a drop 
Rain after two Refractions, and three or mor 
Reflex1ons, is ſcarce ſtrong enough to cauſe 
ſenſible Bow; but in thoſe Cylinders of Ice) 
which Hugenius explains the Parhelia, it mi 
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By the diſcovered Properties of Light to et 
Plain the permanent Colours of Natural b 


HESE Colours ariſe from hence, tl 
ſome natural Bodies reflect ſome {orts( 
Rays, others other forts more copiouſſy the 


the reſt. Minium reflects the leaſt refrangib Ina 
or red-making Rays moſt copiouſly, and then. Ty 
appears red. Violets reflect the moſt refruq ge 
ble, moſt copiouſly, and thence have their ! 


lour, and ſo of other Bodies. Every Body! 


ouſly than the reſt, and from their excels d = 
predominance in the reflected Light has ut th. 
Colour, ore c 
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Exper. 17. For if in the homogeneal Lights 
tained by the ſolution of the Problem pro- 
ed in the fourth Propoſition of the firſt Part 
bu place Bodies of ſeveral Colours, you will 
4, as I have done, that every Body looks 
oft ſplendid and luminous in the Light of its 
n Colour. Cinnaber in the homogeneal red 
igt is molt reſplendent, in the green Light 
v manifeſtly lets reſplendent, and in the blue 
icht {till leſs. Indigo in the violet blue Light 
moſt reſplendent, and its ſplendor is gradu- 
y diminiſh'd as it is removed thence by de- 
ees through the green and yellow Light to 
e red. By a Leek the green Light, and next 
at the blue and yellow which compound green, 
e more ſtrongly reflected than the other Co- 
urs red and violet, and fo of the reſt. But to 
ake theſe Experiments the more manifeſt, ſuch 
odies ought to be choſen as have the fulleſt and 
oſt vivid Colours, and two of thoſe Bodies 
e to be compared together. Thus, for in- 
ance, if Cinnaber and #/7ra-marine blue, or 
me other full blue be held together in the 
dmogeneal Light, they will both appear red, 
ut the Cinnaber will appear of a ſtrongly lu- 
nous and reſplendent red, and the ltra- ma- 
ne blue of a faint obſcure and dark red; and 


they be held together in the blue homogeneal 


ght they will both appear blue, but the z/tra- 
arine will appear of a ſtrongly luminous and 
Iplendent blue, and the Cinnaber of a faint 
hd dark blue. Which puts it out of diſpute, 
Mat the Cinnaber reflects the red Light much 
lore copiouſly than the #/#ra-marine doth, N 
_ W 
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the n/tra-marine reflects the blue Light mu; 


colour'd Bodies, if due allowance be made fy 


two firſt Experiments of the firſt Part, wher 


Colour of homogeneal Light cannot be chat 


For if Bodies by Reflexion cannot in the le 


by reflecting thoſe which either are of the 
duce it. 
muſt be had that the Light be ſufficiently ht 


mogeneal. For if Bodies be illuminated by ti 


the Colour of the Light caſt on them, but! 


[ 158 | 


me 1M 
und [ 
ance ) 
ck gr 
ut Ora 
cen, 

1s Ille 
lor be 
nate. 
Nys at 
12 
eſs of 
lue-m 
ill ce 
he ref 
ed to 
ed L. 
opiou 
ext al 
hakin; 
vill be 
hey w. 
Wil 
yards 

ead 1 
Colc 
In t 
able, 

ickn 
coni 
ve, 

Jottor 
15 th 
lucke 


more copioufly than the Cinnaber doth. Th 
{ame Experiment may be tried ſucceſsfully wir 
red Lead and Indigo, or with any other ty 


the different ſtrength or weakneſs of their C 
lour and Light. 135 
And as the reaſon of the Colours of natun 
Bodies 1s evident by theſe Experiments, ſo] 
is farther confirmed and put paſt diſpute by th 


by 'twas proved in ſuch Bodies that the refled 
ed Lights which difter in Colours do differ alk 
in degrees of Refrangibility. For thence it 
certain, that ſome Bodies reflect the more re 
frangible, others the leſs refrangible Rays man 
coMouny;-* e 
And that this is not only a true reaſon 0 
theſe Colours, but even the only reaſon may a 
pear farther from this conſideration, that th 


ged by the Reflexion of natural Bodies. 


change the Colour of any one ſort of Rays, tht 
cannot appear colour'd by any other means tha 


own Colour, or which by mixture muſt pro 

But in trying Experiments of this kind cat 
ordinary priſmatick Colours, they will appet 
neither of their own Day-light Colours, nor 0 


fo 
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me middle Colour between both, as I have 

und by Experience. Thus red Lead (for in- Wl 
ace) illuminated with the ordinary priſma- 100 
ck green will not appear either red or green, if 
ut orange or yellow, or between yellow and ill 


cen, accordingly as the green Light by which 

Fc illuminated is more or leſs compounded. 

ſor becauſe red Lead appears red when illu- 

nated with white Light, wherein all forts of 

Riys are equally mix d, and in the green Light 

Il forts of Rays are not equally mix'd, the Ex- 

eſs of the yellow-making, green-making and 

lue-making Rays in the incident green Light, 

il cauſe thoſe Rays to abound ſo much in 

he reflected Light as to draw the Colour from 

ed towards their Colour. And becauſe the 

ed Lead reflects the red-making Rays moſt 

opiouſly in proportion to their number, and 

ext after them the orange- making and yellow- 

making Rays; theſe Rays in the reflected Light 

til be more in proportion to the Light than 

hey were in the incident green Light, and there- 

y will draw the reflected Light from green to- 

yards their Colour. And therefore the red 

ead will appear neither red nor green, but of 

Colour between both. . . 

In tranſparently colour'd Liquors 'tis obſer- 

able, that their Colour uſes to vary with their 

Ickneſs. Thus, for inſtance, a red Liquor in 

conical Glaſs held between the Light and the 

Je, looks of a pale and dilute yellow at the *»_ 

ottom where 'tis thin, and a little higher where 

s thicker grows orange, and where 'tis {till 

ucker becomes red, and where tis —— 
| 8 ws 
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the red is deepeſt and darkeſt. For it is to hy 


conceiv'd that ſuch a Liquor {tops the indig 


making and violet- making Rays molt eafily, th 


blue-making Rays more dithcultly, the green 
making Rays {till more difficultly, and the re 


making molt dithcultly : And that if the thick 


neſs of the Liquor be only ſo much as ſuffice 
to {top a competent number of the violet-m; 
king and indigo-making Rays, without dim 
niſhing much the number of the reſt, the re 
muſt (by Prop. 6. Part z.) compound a pal 
yellow. But if the Liquor be ſo much thick 


as to ſtop alſo a great number of the blue-m 


king Rays, and ſome of the green-making, th 
reſt muſt compound an orange; and where! 


45 ſo thick as to ſtop alſo a great number of th 


green-making and a conſiderable number « 
the yellow- making, the reſt muſt begin to con 
pound a red, and this red muſt grow deepe 
and darker as the yellow-making and orange 
making Rays are more and more ſtopp'd by: 
creaſing the thickneſs of the Liquor, fo thi 
few Rays beſides the red-making can ge 
through. . 3 


Of this kind is an Experiment lately relate 


to me by Mr. Halley, who, in diving deep int 


the Sea in a diving Veſſel, found in a clear out 
ſhine Day, that when he was ſunk many Fatho 


deep into the Water, the 1 5 part of his Hat 
on which the Sun ſhone directly through Ui 


Water and through a ſmall Glaſs Window! 
the Veſlel, like that of a Damask Roſe, and! 
Water below and the under part of his Hal 
illuminated by Light reflected from the Watt 
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ow look'd green. For thence it may be ga- 


its the red-making Rays paſs moſt freely and 
piouſly to great depths. For thereby the oun's, 


e predominating red-making Rays, mult ap- 


pths as the violet-making Rays ſcarce pene- 
ate unto, the blue-making, green-making and 
low- making Rays being reflected from be- 
w more copiouſly than the red- making ones, 
uſt compound a green. 

Now if there be two Liquors of full Colours, 


ck as ſuffices to make their Colours ſuffici- 
ly full; though either Liquor be ſufficient- 
tranſparent apart, yet will you not be able 


d making Rays paſs through one Liquor, and 


ally with Glaſs Wedges filled with red and 
he Liquors, and was ſurprized at the unex- 
ted event, the reaſon of it being then un- 
own; which makes me truſt the more to his 


uors be of very good and full Colours: 


\ 
gor tranſmitting this or that ſort of Rays more 
piouſly than the reſt, it is to be conceived 


M 


erd, that the Sea Water reflects back the 
let and blue-making Rays moſt eaſily, and 
rect Light at all great depths, by reaſon of 


ar red; and the greater the depth is, the ful- 
and intenſer mult that red be. And at ſuch 


Pppoſe a red and a blue, and both of them ſo 


ſee through both together. For if only the 


iy the blue-making through the other, no Rays 
1 paſs through both. This Mr. Hook tried 


periment, though I have not tried it my ſelf. 
the that would repeat it, mult take care the 


ow whilſt Bodies become coloured by reflect- 


at they ſtop and ſtifle in themſelves the Rays 


— Bs 


e 
—_ 


blue- making Rays to be reflected to and fr 


thereby looks yellow. And much after th 
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which tran{mit one ſort of Light moſt copiou 
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of the Eye to the Light. But if theſe Liqua 


of one and the ſame Colour in all Poſitions « 
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which they do not reflect or tranſmit. For! 
Gold be foliated and held between your Eye a 
the Light, the Light looks of a greeniſh bly 
and therefore maſſy Gold lets into its Body th 


jet) th 
d per 
ck, 0 
h the 


within it till they be ſtopp'd and ſtifled, whi | 142 


it reflects the yellow-making outwards, an 788 
fame manner that Leaf Gold is yellow by re 
flected, and blue by tranſmitted Light, and mi 
ſy Gold is yellow in all Poſitions of the Eye 
there are ſome Liquors, as the Tincture ( 
Lignum Nephriticum, and ſome ſorts of G 


that 


pris, ! 
ropoſi 
pute, 
ICNCE. 


ly, and reflect another ſort, and thereby loo 
of ſeveral Colours, according to the politia 


or Glaſſes were ſo thick and maſſy that no Lig 
could get through them, I queſtion not dig „, 
they would like all other opakè Bodies appeal 'L 


a beg 
t0 ex 


poſit: 


the Eye, though this I cannot yet athrm byc 
perience. For all colour'd Bodies, ſo far asn 
Obſervation reaches, may be ſeen through 


made ſufficiently thin, and therefore are in ion F. 


meaſure tranſparent, and differ only inyesr p 

of Tranſparency from tinged tran{pent Mu 
quors; theſe Liquors, as well as thoſe Bod'M.+ic 
by a ſufficient thickneſs becoming opake. ii a 
tranſparent Body which looks of any Colour Wiſh, ji 
tranſmitted Light, may alſo look of the iWicrs; 

Colour by reflected Light, the Light of Mer: 
Colour being reflected by the farther Suri ture 
of the Body, or by the Air beyond it. ice | 


the 
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en the reflected Colour will be diminiſhed, 
d perhaps ceaſe, by making the Body very 
ok, and pitching it on the backſide to dimi- 
h the Reflexion of its farther Surface, ſo that 
e Light reflected from the tinging Particles 


the reflected Light will be apt to vary from 
at of the Light tranſmitted. But whence it 
chat tinged Bodies and Liquors reflect ſome 


ris, hall be faid in the next Book. In this 
ropoſition I content my ſelf to have put it paſt 


* 


pute, that Bodies have ſuch Properties, and 
ence appear colour'd. 


77 
P R O P. XI. P ROB. VI. 
| 77 colour d Lights to compound a beam 
of Light of the ſame Colour and Nature with 
poſutrons. 


ET ABC 246 [in Eig. 16.] repreſent a 


blue, green, yellow and red, and let the 


merge again towards X, and there, by the 
xture of all thoje their Colours, compound a 


ay predominate. In ſuch caſes, the Colour 


Wt of Rays, and intromit or tranſmit other 


a beam of the Sun's direct Light, aud therein 
% experience the Truth of the foregoing Pro- 


1 Priſm by which the Sun's Light let into 
(ark Chamber through the Hole F, may be 
acted towards the Lens MN, and paint up- 
tat 2, 9, 7, 4 and t, the uſual Colours vio- 


Pergmg Rays by the Refraction of this Lens 


ite according to what was ſhewn above. 
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Then let another Priſm DE G de g, parallel | 
the former, be placed at X, to refract th 
white Light upwards towards Y. Let the He v 
fracting Angles of the Priſms, and their diſtance 
from the Lens be equal, ſo that the Rays whid 
converged from the Lens towards X, and wi gig 
out Refraction, would there have croſſed a-fcx; 
diverged again, may by the Refraction of H M 
ſecond Priſm be reduced into Paralleliſm n th 
diverge no more. For then thoſe Rays will 
compoſe a beam of white Light XY. If 
refracting Angle of either Priſm be the bigge 
that Priſm muſt be ſo much the nearer to th 
Lens. You will know when the Priſms and ti 
Lens are well ſet together, by obſerving if th 
beam of Light XY which comes out of the MIim! 
cond Priſm be perfectly white to the very eg 
of the Light, and at all diſtances from the Pri 
continue perfectly and totally white like a bene Co 
of the Sun's Light. For till this happens, th 
poſition of the Priſms and Lens to one anotht 
mult be corrected, and then if by the help 
long beam of Wood, as is repreſented in bb, a1 
Figure, or by a Tube, or ſome other fuch! 
ſtrument made for that purpoſe, they be mat 
faſt in that ſituation, you may try all the fi parat. 
Experiments in this compounded beam of Lig 
XV, which have been made in the Sun's die e orc 
Light. For this compounded beam of LM of ü 
has the ſame appearance, and is endow'd ug bite 
all the ſame Properties with a direct beam 
the Sun's Light, ſo far as my Obſervation reach the ( 
And in trying Experiments in this beam MM by n 
may by ſtopping. any of the Colours P, 4 ; 


ve) 

d , at the Lens, ſee how the Colours pro- 
ced in the 1 hae are no other than 
boſe which the Rays had at the Lens before 
ey enter the compoſition of this Beam: And 
conſequence that they ariſe not from any new 
odifications of the Light by Refractions and 
eflexions, but from the various Separations 
d Mixtures of the Rays originally endow'd 
th their colour-making qualities. 
So, for inſtance, having with a Lens 4 Inches 
oad, and two Priſms on either hand 6+ Feet 


ge tant from the Lens, made ſuch a beam of 
M npounded Light: to examin the reaſon of 
d tc Colours made by Priſms, I refracted this 
i 1 Wmpounded beam of Light X with another 
c iſm HIK , and thereby caſt the uſual priſ- 
tick Colours PORST upon the Paper LV 
"iced behind. And then by ſtopping any of 
bei: Colours 2, 9, 7, 5, t, at the Lens, I found 
„i the ſame Colour would vaniſh at the Pa- 
other., So if the purple p was ſtopp'd at the 
p Mens, the purple P upon the Paper would va- 
n h, and the reſt of the Colours would remain 
cher 'd, unleſs perhaps the blue, ſo far as 
mag me purple latent in it at the Lens might be 
perated from it by the following Refractions. 


nd fo by intercepting the green upon the Lens, 
e green R upon the Paper would vaniſh, and 
of the reſt ; which plainly ſhews, that as the 
lite beam of Light XV was compounded of 
reral Lights variouſly colour'd at the Lens, 
the Colours which afterwards emerge out of 
by new Refractions are no other than thoſe 
which its whiteneſs was compounded. The 


e 
Refraction of the Priſm H IK 44 generates t 
Colours PORST upon the Paper, not eam o 
changing the colorific qualities of the Rays, h 
by ſeparating the Rays which had the very fan 
colorific qualities before they enter'd the Co 
oſition of the retracted beam of white Lig nfuſ10! 
V. For otherwiſe the Rays which were trat 
one Colour at the Lens might be of ano of; 
upon the Paper, contrary to what we find. Hay d 
So again, to examin the reaſon of the n the 
lours of natural Bodies, I placed ſuch Bo 
in the Beam of Light X V, and found that ie it: 
all appeared there of thoſe their own ColouWſvain a 
which they have in Day-light , and that ties, 
Colours depend upon the Rays which had ih 
ſame Colours at the Lens before they enter oft 
the Compoſition of that beam. Thus, for ind re 
ſtance, Cinnaber illuminated by this beam aW"ue-" 
pears of the ſame red Colour as in Daylight m 
and if at the Lens you intercept the green-mec21 
king and blue-making Rays, its rednels wil f Lie 
come more full and lively: But if you there 
tercept the red-making Rays, it will not: 
longer appear red, but become yellow or gree 
or of ſome other Colour, according to the {0! 
of Rays which you do not intercept. S0 C0 
in this Light XM appears of the ſame yell 
Colour as in Day-light, but by intercepting 
the Lens a due quantity of the yellow-mak 
Rays it will appear white like Silver (as | 
tried) which ſhews that its yellowneſs ar 
from the Exceſs of the intercepted Rays ting 
that whiteneſs with their Colour when they d 
let paſs. So the infuſion of Lignum Nep 
| r 


119) 
m (as I have alſo tried) when held in this 
eam of Light X V, looks blue by the reflect- 


d part of the Eight; and red by the tranſmit- 


fulion will loſe its reflected blue Colour, whilft 
5 tranſmitted red remains perfect and by the 
of of ſome blue-making Rays wherewith it was 
Ilay'd becomes more intenſe and full. And, 
n the contrary, if the red and orange-making 
Rays be intercepted at the Lens, the Infuſion will 
oſe its tranſmitted red, whilit its blue will re- 
ain and become more full and perfect. Which 


olt copiouſly which were red- making before, 
nd reflects thoſe moſt copiouſly which were 
lue-making before. And after the fame man- 


xamined, by trying them in this artificial beam 
of Light X X. „„ . 


Zj—— % ð 2 2 oo 


ad part of it, as When tis view'd in Day-light, 
at if you intercept the blue at the Lens the 


ews, that the Infuſion does not tinge the Rays 
rith blue and red, but only tranſmit thoſe 


per may the Reaſons of other Phenomena be 


eatc 
jure! 
t of | 
ore 
lar 
e du 
e tO 
ory « 
of | 
Col 
ſet. « 
Diſc 
bed t. 
con 
ſervat 
1% J 
that 
VIlttle 
ther: 
to bec 
there 
he 
hi 
0 be : 
act te 


(1 << 
— N : þ 
— - | * : * N] 
. Ve 
4 \ 92 55, e 4 = 
* 0 up. 9) , , . 2 „ 1 \ R \ = 70 
5 & ©, © 4f z»8# DP Y - [ * 
; => XG I IE YN a AEST n ' 2 
n 4 > W 27 1 * 7 . —— 


9 N 
> Oe 3): =D yr 
= = <<< 
. * p N f 856 * 


THE 


SECOND BOOK 


ER © Þ 
 OPTICK< 


BART L 


Obſervations concerning the Reflexions, Refri: 


Eions, and Colours of thin tranſparent Bu" oc 
aces. „ k {po 
3 t wa 


I bas been obſerved by others, that 2 
tranſparent Subſtances, as Glaſs, Mere), 
ter, Air, Sc. when made very thin by th. 
being blown into Bubbles, or otherwilt Glaſſ 
med into Plates, do exhibit various Colours ? 8 


Aung to their various thinneſs, although dt 
1 l W's rn ele: | a greater 
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eater thickneſs they appear very clear and 0 
leſs, In the former Book I forbore to bl 
t of theſe Colours, becauſe they ſeemed of Fil 
ore difficult Conſideration, and were not 
ſary for eſtabliſhing the Properties of Light 

e diſcourſed of. But becauſe they may con- 
e to farther Diſcoveries for completing the 
ory of Light, eſpecially as to the conſtitu- 
of the parts of natural Bodies, on which 
Colours or Tranſparency depend; I have 
ſet down an account of them. To render 
Diſcourſe ſhort and diſtinct, J have firſt de- 
bed the principal of my Obſervations, and 
conſider d and made uſe of them. The 
ſervations are theſe. „ 

0% 1. Compreſling two Priſms hard toge- 
that their ſides (which by chance were a 
little convex) might ſomewhere touch one 
ther: I found the place in which they touch- 
o become abſolutely tranſparent, as if they 
there been one continued piece of. Glaſs. 
when the Light fell ſo obliquely 'on the 
, Which 1n other places was between them, 
0 be all reflected; it ſeemed in that place of 
act to be wholly tranſmitted, inſomuch that 
1 look'd upon, it appeared like a black or 
k ipot, by reaſon that little or no ſenſible 
It was reflected from thence, as from other 
es; and when looked through it ſeemed (as 


Waere) a hole in that Air which was formed 
ny thin Plate, by being compreſs'd between 
willy Claes. And through this hole Objects that 
ours deyond might be ſeen diſtinctly, which 
d not at all be ſeen through other parts of 
ater . HE STE 


the 
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the Glaſſes where the Air was interjacent. rue 
though the Glaſſes were a little convex, yet ing Cc 
tranſparent {pot was of a conſiderable bref; mo 
which breadth ſeemed principally to pro ber ff 
from the yielding inwards of the parts of! 13 
Glaſſes, by reaſon of their mutual preſſure. Mrd! 
by preſſing them very hard together it v ir 
become much broader than otherwiſe. ums! 
O&/. 2. When the Plate of Air, by tum e chi 
the Priſms about their common Axis, bee ub, 
ſo little inclined to the incident Rays, that How. 
of them began to be tranſmitted, there 2 ul Spe 
in it many {lender Arcs of Colours which at, blu 
were ſhaped almoſt like the Conchoid, as WW it 
fee them delincated in the firſt Figure. 0% 
by continuing the Motion of the Priſms, them a 
Arcs increaſed and bended more and mor ry di 
bout the ſaid tranſparent ſpot, till they H ſe 
completed into Circles or Rings incompaſ hot. 
it, and afterwards continually grew more Me Co 
more contracted. _ en ſs, t 
Theſe Arcs at their firſt appearance wer em v 
a violet and blue Colour, and between M meti. 
were white Arcs of Circles, which preſef eco 
by continuing the Motion of the Priſms bec i eceſ 
a little tinged in their inward Eimbs with Win 
and yellow, and to their outward Limbs Hit in 
blue was adjacent. So that the order of He Ri 
Colours from the central dark ſpot, was at Mt di 
time white, blue, violet; black, red, ora th 
yellow, white, blue, violet, Sc. But the Md di 
low and red were much fainter than the h t 
and violet. Se ts Doc, 
LE dw 
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The Motion of the Priſms about their Axis 
ing continued, theſe Colours contracted more 
1 more, ſhrinking towards the whiteneſs on 
her fide of it, until they totally vaniſhed in- 
it, And then the Circles in thole parts ap- 
ard black and white, without any other Co- 
1s intermix'd. But by farther moving the 
jms about, the Colours again emerged out of 
ewhiteneſs, the violet and blue at its inward 
mb, and at its outward Limb the red and 
low. So that now their order from the cen- 
| Spot was white, yellow, red; black; vio- 
„ blue, white, yellow, red, Sc. contrary to 
lat it was before. 
06/. 3, When the Rings or ſome parts of 
em appeared only black and white, they were 
ry diſtinct and well defined, and the back- 
s ſeemed as intenſe as that of the central 
ot. Alſo in the Borders of the Rings, where 
jc Colours began to emerge out of the white- 


em viſible to a very great multitude. I have 


mctimes number'd above thirty Succeſſions 
cleWccloning every black and white Ring for one 
ech cceſlion) and ſeen more of them, which by 
ih Won of their ſmalneſs I could not number. 
" ut in other Poſitions of the Priſms, at which 
75 


ret diftinguith above eight or nine of them, 
018d the Exterior of thoſe were very confuſed 
he Med dilute. JC 
1c ln theſe two Obſervations to ſee the Rings di- 


Inet, and without any other Colour than black 


ls, they were pretty diſtinct, which made 


e Rings appeared of many Colours, I could 


0 white, 1 found it neceſſary to hold my Eye 
ee al 
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at a good diſtance from them. For by x 


Circles as the Rays became leſs and les incl 
ned to the Plate of Air; I took two Object lion 
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proaching nearer, although 1n the ſame inclin 
tion of my Eye to the Plane of the Rings, ther 


_ emerged a blueiſh Colour out of the white Co 
which by dilating it {elf more and more int 


the black, render'd the Circles leſs diſtinct, Heer f. 
left the white a little tinged with red and j the 
low. I found alſo by looking through a {lit Mnerm 
oblong hole, which was narrower than the ick © 
pil of my Eye, and held cloſe to it parallel (| 
the Priſms, I could ſee the Circles much Mrof t! 
ſtincter and viſible to a far greater number th the! 
otherwiſe. 8 5 

O8, 4. To obſerve more nicely the ord inge 
of the Colours which aroſe out of the w y 


laſſes, the one a Plano-convex for a fourteq Nex 
oot Teleſcope, and the other a large doub|WMe co! 


| Convex for one of about fifty Foot; and upofctio 


this, laying the other with its plane ſide doy 
wards, | preſſed them {lowly together, to mak 
the Colours ſucceſſively emerge in the middP) vi 
of the Circles, and then {lowly lifted the uppt 

_ Glaſs from the lower to make them ſuccellqiſÞent 
ly vaniſh again in the ſame place. The Colon 
which by preſſing the Glaſſes together emerge 
laſt in the middle of the other Colours, wou let, 
upon its firſt appearance look like a Circle ere 
Colour almoſt uniform from the circumferenq;e g 

to the center, and by compreſling the Glaſſes Hd f 
more, grow continually broader until a new e o 
lour emerged in its center, and thereby it beca 
aRing encompaſſing that new Colour. And 
coll 


993]. 


mpreſſing the Glaſſes {till more, the diameter 
this Ring would increaſe, and the breadth 
Fits Orbit or Perimeter decreate until another 
ay Colour emerged in the center of the laſt: 
Wd ſo on until a third, a fourth, a fifth, and 
ther following new Colours ſucceſſively emer- 
d there, and became Rings encompaiſing the 
nermoſt Colour, the laſt of which was the 
ack Spot. And, on the contrary, by lifting 
p the upper Glaſs from the lower, the diame- 
W: of the Rings would decreaſe, and the breadth 
their Orbit increaſe, until their Colours reach- 
| ſucceſſively to the center; and then they 
eing of a conſiderable breadth, I could more 
fly diſcern and diſtinguiſh their Species than 
efore. And by this means I obfſerv'd their Suc- 
fon and Quantity to be as followeth. 
Next to the pellucid central Spot made by 
ge contact of the Glaſles ſucceeded blue, white, 
low, and red. The blue was ſo little in quan- 
ty that I could not diſcern it in the Circles 
ade by the Priſms, nor could I well diſtinguiſn 
q violet in it, but the yellow and red were 
retty copious, and ſeemed about as much in 
tent as the white, and four or five times more 
an the blue. The next Circuit in order of 
olours immediately encompaſling theſe were 
ict, blue, green, yellow, and red: and theſe 
ere all of them copious and vivid, excepting 
e green, which was very little in quantity, 
hd {ſeemed much more faint and dilute than 
© other Colours. Of the other four, the vio- 
© Was the leaſt in extent, and the blue le!s 
lan the yellow or red. The third N 
rder 
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Order was purple, blue, green, yellow, 
red; in which the purple ſeemed more reddi 
than the violet in the former Circuit, and t 
green was much more conſpicuous, being 
brisk and copious as any of the other Coloy 
except the yellow ; but the red began to he 
little faded, inclining very much to purple, 4 
ter this ſucceeded. the fourth Circuit of gre 
and red. The green was very copious and lin 
ly, inclining on the one fide to blue, ande 
the other {ide to yellow. But in this four 
Circuit there was neither violet, blue, nor ye 
low, and the red was very imperfect and di 
ty. Allo the ſucceeding S0 00s became mo 
and more imperfect and dilute, till after thre 
or four revolutions they ended in perfel 
whiteneſs. Their form, when the Glaſſes we 
molt comprels'd ſo as to make the black Spi 
appear in the center, is delineated in the { 
cond Figure; where à, 6, c, d, e: f, 4, b, 
CCC 
note the Colours reckon'd in order from t 
center, black, blue, white, yellow, red: vil 
let, blue, green, yellow, red: purple, blut 
green, yellow, red: green, red: greeniſh blu 
red : greeniſh blue, pale red : greeniſh blu 
reddiſh white. . 
Ob, 5. To determine the interval of ti 
Glafles, or thickneſs of the interjacent Air, 0 
which each Colour was produced, I meaſure 
the Diameters of the firſt ſix Rings at the mo 
Jucid part of their Orbits, and ſquaring then, 
found their Squares to be in the arithmetic 
Progreſſion of the odd Numbers, 1, 3, 5, 7 f 
\n 


| fince one of theſe Glaſſes was plane, and 


FP other ſpherical, their Intervals at thoſe Rings 
| Wi be in the fame Progretlion. I meaſured 
no the Diameters of the dark or faint Rings 
oWiwcen the more lucid Colours, and found 
bel r Squares to be in the arithmetical Progreſ- 
of the even Numbers, 2, 4, 6, 6, 10, 12. 
reed it being very nice and dithcult to take 


ſe meaſures exactly; I repeated them divers 
es at divers parts of the Glaſſes, that by their 
reement I might be confirmed in them. And 
> {ame method I ufed in determining ſome 
ers of the following Obſervations. | 
0% 6. The Diameter of the ſixth Ring at 
5 
100 Parts of 
Inch, and the Diameter of the Sphere on 
ich the double convex Object- glaſs was 


moſt lucid part of its Orbit was 


he Mund was about 102 Feet, and hence I ga- 
ed the thickneſs of the Air or Acreal Inter- 

5 bh | | f El 

2 of the Glaſſes at that Ring. But tome time 


had not determined the Diameter of the 
here with ſuthcient accurateneſs, and being 
certain whether the Plano-convex Glats was 
ly plane, and not ſomething concave or con- 
on that fide which I accounted plane; and 


of ether 1 had not preſſed the Glailes together, 
ir, (MW! often did, to make them touch; (For by 
aur eng ſuch Glaſſes together their parts eaſily 


id inwards, and the Rings thereby become 


{ixth 


er, ſuſpecting that in making this Obiervation 


bly broader than they would be, did the 
alles keep their Figures.) I repeated the 
Periment, and found the Diameter of the 


ſixth lucid Ring about == parts of an Inch, 


ject-glaſs of another Teleſcope as I had at han 
This was a double Convex ground on bo 
1ides to one and the ſame Sphere, and its! 


PPP ² A A EIS eo Py 


if the Sines of Incidence and Refraction of t 
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out any other Preſſure than that of the weig 
ter of the fifth dark Circle as accurately a 


ciſely. This Meaſure was taken with the poin 
almoſt perpendicularly over it, and the bl 
tween the Glaſſes was greater than its mealur 
Diameter above the Glaſſes in the Proporti 


equal to ? part of an Inch, and its true de 


mi-diameter of this fifth dark Ring (= parts! 
neſs of the Air at this fifth dark Ring; which 
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100 
repeated the Experiment alſo with ſuch and 


cus was diltant from it 83; Inches. And then 


bright yellow Light be aſſumed in proporti 
as 11 to 17, the Diameter of the Sphere 
which the Glaſs was figured will by comput 
tion be found 182 Inches. This Glaſs I | 
upon a flat one, fo that the black Spot appe: 
ed in the middle of the Rings of Colours wil 


of the Glaſs. And now meaſuring the Dian 
could, I found it the fifth part of an Inch pr 
of a pair of Compaſſes on the upper Surta 


on the upper Glaſs, and my Eye was abo 
eight or nine Inches diſtance from the C 


las) 
[tant 
onal 
phere 
dre t. 


was + of an Inch thick, and thence it is calyt 
collect that the true Diameter of the Ring d 


of 80 to 79, or thereabouts, and by con{equenl 


diameter equal to r parts. Now as the Dy + 
meter of the Sphere (182 Inches) is to the Wi g 


an Inch) ſo is this Semi-diameter to the thi 


ther 


Im] 


parts of an Inch: ind 


2 
or 
67930 ra 
e fifth part thereof, vis. the =— 8875 part of an 


ch, is the thickneſs of the Air at the firſt 
theſe dark Rings. 

The ſame Experiment I repeated with ano- 
er double convex Object. glaſs ground on both 
les to one and the ſame Sphere. Its Focus 
x diſtant from it 168+ Inches, and therefore 


beide = 


npuWe Diameter of that Sphere was 184 Inches. 
Mus Glaſs being laid upon the ſame plain Glaſs, 
peine Diameter of the f1.th of the dark Rings, 


hen the black Spot in their center appear'd 
inly without ee the Glaſſes, was by the 
_ of the Compatles upon the upper Glaſs 


1 - parts of an Inch, and 80 conſequence be- 
Py yen the Glaſſes it was 3 For the upper 


abo us was 4 of an Inch thick, and my Eye was 
Ch kant from it 8 Inches. And a third propor- 
GlaMonal to 1 this from the Diameter of the 


phere is re ; parts of an Inch. This is there- | 
re the thicknef of the Air at this Ring, anda 
kh part thereof, vis. the uh part of an 


Ich i is the thickneſs thereof at the firſt of the 
ings, as above. 


16s 1 ried the ſame thing by laying tlieſe Ob- 
ts el glaſſes u pon flat pieces of a broken Look- 
chic . gaz and found the ſame Meaſures of the 
ichen: Which makes me rely upon them till 


N they 
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they can be determin'd more accurately 
Glaſſes ground to larger Spheres, though f 
ſuch Glaſſes greater care mult be taken of a tn 
Plane. AE, 
Theſe Dimenſions were taken when my Fy 
was placed almoſt perpendicularly over th 
Glaſſes, being about an Inch, or an Inch and 
quarter, diſtant from the incident Rays, a 
eight Inches diſtant from the Glaſs ; ſo that th 
Rays were inclined to the Glaſs in an Angle 
about four Degrees. W hence by the followin 
Obſervation you will underſtand, that had th 


Rays been perpendicular to the Glaſſes, thif 
thickneſs of the Air at theſe Rings would han 
been leſs in the proportion of the Radius to th 
Secant of four Degrees, that is of 10000 tt 


10024. Let the thickneſſes found be therefor 
diminiſh'd in this Proportion, and they will be 


come 995 — and g, or (to ule the near 


I ; 
9063? 


. 00 

round number) the oogth part of an Inch 17 
This is the thickneſs of the Air at the dark 18 
part of the firſt dark Ring made by perpendſ 24 
cular Rays, and half this thickneſs multipieꝶſ 29 
by the Progreſſion, 1, 3, 5, 7, 9, 11, Sc. gel 33 
the thickneſſes of the Air at the moſt luminou 35 
. ; 3 I 3 
parts of all the brighteſt Rings, vig. 7805 0 
1780 178000? 178000 Sc. their arithmete | 4c 
Means 178000 178000? 178000 ? Sc. being "iy. 


thickneſſes at the darkeſt parts of all the Cath 


45 placed | 


a. 


% 


e Axis. | And part] 
of the ſame Circ 


0 


0% 7. The Rings were leaſt when my Eye 
erpendicularly over the Glaſſes in 
e Axis of the Rings: And when I view'd 
em obliquely they became bigger, continual- 
ſwelling as I removed my Eye farther from 
by meaſuring the Diame-- 
at ſeveral Obliquities of 


WW; Eye, partly by other means, as alſo by ti. - 
t Hg uſe of the two Priſms for very great Obli- 
le offM®Þities, I found its Diameter, and conſequent- 
wing the thickneſs of the Air at its Perimeter in 
ut thoſe Obliquities to be very nearly in the 
 thMMoportions expreſs'd in this Table. 
has 
oil Angle of In- Angle of Re- Diameter Thickneſs 
0 1 crdence on fradtionin- of the | of the 
cy the Air. to the Air. | Ring, | Air. | 
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In the two firſt Columns are expreſod t 
Obliquities of the incident and emergent Ry 
to the Plate of the Air, that is, their Angles 
Incidence and Refraction. In the third Colum 


e obl 
ore U 
en de 
eaſed 


the Diameter of any colour'd Ring at thole Mer 
liquities is expreſſed in parts, of which ten co ntac 
{titute that Diameter when the Rays are pe ne li 


pendicular. And in the fourth Column thi 
thickneſs of the Air at the circumference 1 
that Ring is expreſſed in parts of which all 
ten conſtitute its thickneſs when the Rays ar 
perpendicular. 155 | 
And from theſe Meaſures J ſeem to gath: 
this Rule: That the thickneſs of the Air! 
porn to the ſecant of an Angle, Who 
zine is a certain mean Proportional betwee 
the Sines of Incidence and Refraction. And thi 
mean Proportional, fo far as by theſe Meaſure 
I can determine it, is the firſt of an hundre 
and {ix arithmetical mean Proportionals be 
tween thoſe Sines counted from the bigger vine 
that is, from the Sine of Refraction when tit 
Refraction is made out of the Glaſs into tit 
Plate of Air, or from the Sine of Incidence whe 
the Refraction is made out of the Plate of Ai 
into the Glaſs, „ 
Ob 8. The dark Spot in the middle of tit 
Rings increaſed alſo by the Obliquation of th 
Eye, although almoſt inſenſibly. But if inſtea 
of the Object-glaſſes the Priſms were made ul 
of, its Increaſe was more manifeſt when vie 
ed ſo obliquely that no Colours appear'd abo 
it. It was leaſt when the Rays were incidetl 


moſt obliquely on. the interjacent Air, — 
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e obliquity decreaſed it increaſed more and 
ore until the colour'd Rings appear'd, and 
en decreaſed again, but not ſo much as it in- 
eaſed before. And hence it is evident, that 
e Tranſparency was not only at the abſolute 
tat of the Glaſſes, but alſo where they had 
me little Interval. I have ſometimes obſerved 
e Diameter of that Spot to be between half 
d two fifth parts of the Diameter of the ex- 
ior Circumference of the red in the firſt Cir- 
it or Revolution of Colours when view'd al- 
It perpendicularly ; whereas when view'd 
liquely it hath wholly vaniſh'd and become 
ke and white like the other parts of the 
aſs; whence it may be collected that the 
alles did then ſcarcely, or not at all, touch 
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Ach e another, and that their Interval at the pe- 
\urWhncter of that Spot when view'd perpendicu- 
dre y was about a fifth or ſixth part of their In- 
s bez ral at the circumference of the {aid red. 


dine 
n thi 
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00% 9. By looking through the two conti- 
ous Object-glaſſes, I found that the interja- 
nt Air exhibited Rings of Colours, as well 
tranſmitting Light as by reflecting it. The 
ntral Spot was now white, and from it the 
der of the Colours were yellowiſh red; black, 


et, blue, white, yellow, red; violet, blue, 
f the een, yellow, red, Gc. But theſe Colours 
icaMere very faint and dilute, unleſs when the 
c ulioht was trajected very obliquely through the 


view 
abou 
ident 
nd 4 

tl 


alles: For by that means they became pretty 
"1d. Only the firſt yellowiſh red, like the 
We in the fourth Obſervation, was ſo little and 
it as {ſcarcely to be diſcern d. Comparing 
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the colour'd Rings made by Reflexion, yi 
theſe made by tranſmiſſion of the Light, 


found that white was oppoſite to black, red. 


er ve 
e wb 
it M 


blue, yellow to violet, and green to a Compo 5 
of red and violet. That is, thoſe parts of iff" 1 | 
Glaſs were black when looked through, wii © ; 
when looked upon appear'd white, and ont A 


contrary. And ſo thoſe which in one caſee 
" hibited blue, did in the other caſe exhibit f 
al And the like of the other Colours. The mz 
1 ner you have repreſented in the third Figy 


pon C 


as it 


Wil, where AB, CD, are the Surfaces of the 6! | Fr 
Alt {es contiguous at E, and the black Lines e 
* tween them are their Diſtances in arithmetig 
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bi. Progreſſion, and the Colours written above: 
Nl ſeen by reflected Light, and thoſe below | 
8 U Light tranſmitted. 0 8 
an O6 10. Wetting the Object-glaſſes a lit 
at their edges, the Water crept in flow 
tween them, and the Circles thereby becan 
leſs and the Colours more faint : Infomuch th 
as the Water crept along one half of then 
which it firſt arrived would appear broken 
from the other half, and contracted into a | 
Room. By meaſuring them I found theP 
portions of their Diameters to the Diameter; 
the like Circles made by Air to be about {er 
to eight, and conſequently the Intervals oft 
_ Glaſles at like Circles, cauſed by thoſe two) 
diums Water and Air, are as about three to fo 
Perhaps it may be a general Rule, That it 4 
other Medium more or leſs denſe than Wa 
be compreſs'd between the Glaſſes, their Int 


yals at the Rings cauſed thereby will be to : 
e | Inter 


148] 
tervals cauſed by interjacent Air, as the Sines 
e which meaſure the Refraction made out of 
it Medium into Air. | 

Ob 11. When the Water was between the 
alles, if 1 preſſed the upper Glaſs variouſly at 


ne place to another, a little white Spot would 
nmediately follow the center of them, which 
pon creeping in of the ambient Water into that 
ace would preſently vaniſh. Its appearance 
15 ſuch as interjacent Air would have cauſed, 
d it exhibited the ſame Colours. But it was 


he Water they would not vaniſh. The Refle- 
ion muſt have rather been cauſed by a ſubtiler 
edium , which could recede through the 
paſſes at the creeping in of the Water. 


larken'd the Room, and view'd them by Re- 
exion of the Colours of a Priſm caſt on a Sheet 
white Paper, my Eye being ſo placed that I 


ap ould ſee the colour'd Paper by Reflexion inthe 
jep aſſes, as in a Looking-glaſs. And by thi 
tors eans the Rings became diſtincter and viſible 
fe far greater number than in the open Air. 
ok have ſometimes ſeen more than twenty of 
„oem, whereas in the open Air I could not diſ- 
o oe eight of nige. 
tf 0% 13. Appointing an Aſſiſtant to move the 
Wai im to and fro about its Axis, that all the 
1 olours might ſucceſſively fall on that part of 
ot Paper which J ſaw by Reflexion from that 


edges to make the Rings move nimbly from 


ot Air, for where any Bubbles of Air were in 


0% 12. Theſe Obſervations were made in 
he open Air, But farther to examine the Ef- 
ts of colour'd Light falling on the Glaſſes, I 


" FF. of 
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Part of the Glaſſes, where the Circles appear; 
10 that all the Colours might be ſucceſſively x, 
flected from the Circles to my Eye whillt I hel 
it immovable, I found the Circles which the 
red Light made to be manifeſtly bigger th; 
thoſe which were made by the blue and viole 
And it was very pleaſant to ſee them gradual 
 ſwellor contract accordingly as the Colour of th 
Light was changed. The Interval of the CH 
ſes at any of the Rings when they were made 
by the utmoſt red Light, was to their Inter 
at the. ſame Ring when made by the utmol 
violet, greater than as 3 to 2, and leſs than af 
13 to 8. By the moſt of my Obſervations it wa 
as 14 to 9. And this Proportion ſeem'd ver 
nearly the ſame in all Obliquities of my Eye 
unleſs when two Priſms were made ule of in 
ſtead of the Object-glaſſes. For then at a cc: 
tain great obliquity of my Eye, the Rings made 
by the ſeveral Colours ſeem'd equal, and at 
greater obliquity thoſe made by the violet woul 
be greater than the ſame Rings made by thi 
red : the Refraction of the Priſm in this cal 
cauſing the moſt refrangible Rays to fall mor 
obliquely on that plate of the Air than the leal 
refrangible ones. Thus the Experiment ſuc 
ceeded in the colour'd Light, which was iu 
ficiently ſtrong and copious to make the Ring 
ſenſible. And thence it may be gather d, the 
if the moſt refrangible and leaſt refrangible Ra 
had been copious enough to make the Ring 
ſenſible without the mixture of other Rays, tl 
Proportion which here was 14 to 9 would hal 
been a little greater, ſuppoſe 14; or 14; t0 5 
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0% 14. Whilſt the Priſm was turn'd about 
Axis with an uniform Motiog, to make all 


re 
e {everal Colours fall ſucceſſively upon the 
H ect-glaſſes, and thereby to make the Rings 


tract and dilate; The Contraction or Dila- 


eon of each Ring thus made by the variation 
all its Colour was ſwifteſt in the red, and ſlow- 
thi in the violet, and in the intermediate Colours 
Ja had intermediate degrees of Celerity. Com- 
nad ing the quantity of Contraction and Dilata- 
148 made by all the degrees of each Colour, I 
mol nd that it was greateſt in the red; leſs in 


Fellow, {till leſs in the blue, and leaſt in the 


ven ud of the Proportions of their Contractions 
Eve WW Dilatations, I obſerv'd that the whole Con- 
F inWiction or Dilatation of the Diameter of any 


cee made by all the degrees of red, was to 
mad of the Diameter of the fame Ring made by 
| at the degrees of violet, as about four to three, 
vou ve to four, and that when the Light was 
th te middle Colour between yellow and green, 
s caß Diameter of the Ring was very ncarly an 


moWimetical Mean between the greateit Diame- 


> lea 
U {uc 
45 ſu 


ot the fame Ring made by the outmoſt red, 
the leaſt Diameter thereof made by the 
moſt violet: Contrary to what happens in 


Ring Colours of the oblong Spectrum made by 
1, (0a Refraction of a Priſm, where the red is 
e haßt contracted, the violet moſt expanded, 
Ring in the midſt of all the Colours is the Con- 
ys, UW of green and blue. And hence I ſeem to 
d haviſect that the thickneſſes of the Air between 
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let. And to make as juſt an Eſtimation as 1 


alfſes there, where the Ring is ſucceſlive- 
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ly made by the limits of the five principal ( 
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lours (red, yelw, green, blue, violet) in q ya 
der (that 1s, by the extreme red, by the lin 4 th 
of red and yellow in the middle of the orang Q 
by the limit of yellow and green, by the lin 85 
of green and blue, by the limit of blue u. 0 
violet in the middle of the indigo, and by t 
extreme violet) are to one another very nem ane 
as the ſix lengths of a Chord which ſound t 00 
Notes in a ſixth Major, /, la, mi, fa, fil, Mete! 
But it agrees ſomething better with the Ob rt 
vation to ſay, that the thickneſſes of the AW... 
between the Glaſſes there, where the Ring e. 
ſucceſſively made by the limits of the ſeven; 
lours, red, orange, yellow, green, blue, in ewe 
go, violet in order, are to one another as ts 
Cube Roots of the Squares of the eight leng e ſi 
of a Chord, which ſound the Notes in an eig Th 
fol, la, fa, fol, la, mi, fa, ſol; that is, a5 nre 
Cube Roots of the Squares of the Numbers che 
7. % F ei 3 EE VO C 
O. 15. Theſe Rings were not of vari + 
Colours like thoſe made in the open Air, Whithir 
appeared all over of that priſmatick Colour as, 
ly with which they were illuminated. Andy: 
projecting the priſmatick Colours immedi 0% 
upon the Glaſſes, I found that the Light YH n. 
fell on the dark Spaces which were dell | 
the colour'd Rings, was tranſmitted through! while 
Glaſſes without any variation of Colour. f co 
on a white Paper placed behind, it would p Ng ap 
Kings of the ſame Colour with thoſe Wor 
were reflected, and of the bigneſs of the Her, 


mediate Spaces. And from thence the 0! 


1 

theſe Rings is manifeſt; namely, that the 
between the Glaſſes, according to its vari- 
; thickneſs, is diſpoſed in {ome places to re- 
ect, and in others to tranſmit the Light of a- 
one Colbur (as you may lee repreſented in 
> fourth Figure) and in the ſame place to re- 
ect that of one Colour where it tranſmits that 
another. _ 

00% 16. The Squares of the Diameters of 
eſe Rings made by any priſmatick Colour were 


vation. And the Diameter of the ſixth Cir- 
e, when made by the citrine yellow, and 
ewed almoſt perpendicularly, was about - 
ts of an Inch, or a little leſs, agreeable to 
be ſixth Obſer vation. ny 


ch as was Air or Water compreſs'd between 
vo Glailes. In thoſe that follow are {et down 
Ir, k 
our 


Aud dſtances terminated on all ſides with Air. 
cdu 0%/ 17. If a Bubble be blown with Water 


thin a rarer, ſuch as are Plates of Muſcovy 


ut made tenacious by diſſolving a little Soap 
. Lit, 'tis a common Obſervation, that after a 
u hie it will appear tinged with a great variety 


Bs Colours. Io defend theſe Bubbles from be- 


: odours are irregularly moved one among ano- 
enger, fo that no accurate Obſervation can be 


e 01! 


arithmetical Progreſſion, as in the fifth Ob- 


100 


The precedent Obſervations were made with 
rarer thin Medium, terminated by a denſer, 


varie Appearances of a denſer Medium thin'd 


aſs, Bubbles of Water, and ſome other thin 


T. 
d g agitated by the external Air (whereby their 


ade of them, ) as ſoon as I had blown any of 
5 VV them 
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them cover'd it with a clear Glaſs, and by thy 


ſpread the whole Bubble, deſcending in orde 


Tours were emerged at the top, there grew ij 


Spot, like that in the firſt Obſervation, whid 
continually dilated it ſelf till it hecame ſome 


before the Bubble broke. At firſt J though 


_ ouſly, I ſaw within it ſeveral ſmaller rount 
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means its Colours emerged in a very reg 
order, like ſo many concentrick Rings encon 
paſſing the top of the Bubble. And as the Bub 
ble grew thinner by the continual ſubſidingo 
the Water, theſe Rings dilated {lowly and over 


to tie bottom of it, where they vaniſh'd {ur 
ceſſively. In the mean while, after all the C 


the center of the Rings a {mall round blad 


times more than + or + of an Inch in breadt 


there had been no Light reflected from the Wa 
ter in that place, but obſerving it more cur 


MON 

Spots, which appeared much blacker and darkWhilbl: 
er than the reſt, whereby | knew that the p 
was ſome Reflexion at the other places which to 
were not ſo dark as thoſe Spots. And by fi The 
ther Tryal I found that I could ſee the Imag t fo 
of ſome things (as of a Candle or the Sun) eee. 
ry faintly reflected, not only from the green, 
black Spot, but alſo from the little darker pol th 
Which were within it. 8 gr 
| Beſides the aforeſaid colour'd Rings the ou 
would often appear {mall Spots of Colours, Met. 
cending and deſcending up and down the fTbe 
of the Bubble, by reaſon of ſome Incquali1 le 
in the ſubliding of the Water. And ſomeumq b. 
{mall black Spots generated at the ſides wal cee 
= 5 1 acc; y 
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end up to the larger black Spot at the top 
guat the Bubble, and unite with it. e 
con 0%/ 18. Becauſe the Colours of theſe Bub- 
Buß were more extended and lively than thoſe 
ns off the Air thinn'd between two Glaſſes, and fo 
overbre eaſy to be diſtinguiſh'd, I ſhall here give 
orde na farther deſcription of their order, as they 
ute obſerv'd in viewing them by Reflexion 
e ColW the Skies when of a white Colour, whilſt a 
ew ck ſubſtance was placed behind the Bubble. 
bach they were thete, red, blue; red, blue; 


, blue; red, green; red, yellow, green, 


om e, purple; red, yellow, green, blue, violet; 
cad, yellow, white, blue, black. 

dug The three firſt Succeſſions of red and blue 
e Ware very dilute and dirty, eſpecially the firſt, 
cui ere the red ſeem'd in a manner to be white. 


[OUNG 
dark 
ther 

whic 


ible beſides red and blue, only the blues 
d principally the ſecond blue) inclined a lit- 
Bae. 4 


y fa Tae fourth red was alſo dilute and dirty, but 
mag {lo much as the former three; after that 
1) \occeeded little or no yellow, but a copious 
green, which at firſt inclined a little to yellow, 


IPO 
the 


rs, 4 
e ſide 
aliti 
etime 
Woll 
alcen 


d then became a pretty brisk and good wil- 


. 


ceded with a very bright and intenſe yel- 


chang'd 


mong theſe there was ſcarce any other Colour 


green, and afterwards changed to a bluiſh 
Jour; but there ſucceeded neither blue nor 


The fifth red at firſt inclined very much to 
ple, and afterwards became more bright 
L brick, but yet not very pure. This was 


„ which was but little in quantity, and ſoon 
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purple, which was leſs in quantity than the b 


lively Scarlet, and ſoon after of a brighter ( 


of all the reds. Ihen after a lively orange f 


_ [190 
chang'd to green: But that green was copig 
and ſomething more pure, deep and lively, th 
the former green. After that follow'd ane 


cellent blue of a bright Sky-colour, and the 


and much inclined to red. 
Ihe {ixth red was at firſt of a very fair 


lour, being very pure and brisk, and the he 


low'd an intenſe bright and copious yell 


which was alſo the beſt of all the yellows, ang d 
this changed firſt to a greeniſh yellow, and thi or 
to a greeniſh blue; but the green between ter © 
yellow and the blue, was very little and diluntio! 
{ſeeming rather a greeniſh white than a greeſſÞtin 
The blue which ſucceeded became very goofWpke: 
and of a very fair bright Sky-colour , but the 
ſomething inferior to the former blue; aud riots \ 
violet was intenſe and deep with little or ſe 
redneſs in it. And leſs in quantity than Heti 
ber., „„ eced 
In the laſt red appeared a tincture of ſcu bit 
next to violet, which ſoon changed to a bright 
er Colour, inclining to an orange; and they: 
low which follow'd was at firſt pretty got 
and lively, but afterwards it grew more dil Aur 
until by degrees it ended in perfect whiten ng 
And this whiteneſs, if the Water was very © 
nacious and well temper'd, would ſlowly ſpr cke 
and dilate it ſelf over the greater part of WP" © 
Bubble; continually growing paler at the [088k Þ 
where at length it would crack in many plaCi Voſ 
and thoſe cracks, as they dilated, would app 


— 
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Din etty good, but yet obſcure and dark 
* parked ; the white between the blue Spots 


niſhing, until it reſembled the Threds of 
regular Net-work, and ſoon after vaniſn'd 
left all the upper part of the Bubble of the 
dark blue Colour. And this Colour, after 


ir oi zforcfaid manner, dilated it ſelf downwards, 
er i ſometimes it hath overſpread the whole 
e þWMbble. In the mean while at the top, which 


cof a darker blue than the bottom, and ap- 
rd alſo full of many round blue Spots, ſome- 


, g darker than the reſt, there would emerge 
d thi or more very black Spots, and within thoſe, 
en Her Spots of an intenſer blackneſs, which! 


ntinually dilated themſelves until the Bubble 
ke. | | 
ots would break forth in the white, without 
7 ſenſible intervention of the blue. And 
etimes they would break forth within the 
ecedent yellow, or red, or perhaps within 
blue of the ſecond order, before the inter- 
diate Colours had time to diſplay themſelves. 
By this deſcription you may perceive how 


dlußz Air deſcribed in the fourth Obſervation, al- 
enough ſet down in a contrary order, by reaſon 
ery t they begin to appear when the Bubble is 
 ſpreWckelt, and are moſt conveniently reckon'd 
of Hm the loweſt and thickeſt part of the Bub- 
he ons wy nn 88888 1 
place 0%/ 19. Viewing in ſeveral oblique Poſitions | 


ay Eye the Rings of Colours emerging on 


ntion'd in the former Obſervation ; and theſe 


the Water was not very tenacious the black | 


eat an affinity theſe Colours have with thoſe 


the 
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the top of the Bubble, I found that they wi 
ſenſibly dilated by increafing the obliquity, þ 
yet not ſo much by far as thoſe made by thin 
Air in the {ſeventh Obſervation: For there; 
were dilated ſo much as, when view'd moſtd 
liquely; to arrive at a part of the Plate mg 
than twelve times thicker than that where the 
appear'd when viewed perpendicularly; when 
as in this caſe the thickneſs of the Water, 
which they arrived when viewed moſt obliqu 
ly, was to that thickneſs which exhibited the 
by perpendicular Rays, ſomething leſs than 
8 to 5. By the beſt of my Obſervations it w 
between 15 and 15 to 10; an increaſe abo 
24 times leſs than in the other caſe. _ 
Sometimes the Bubble would become of 
uniform thickneſs all over, except at the top 
it near the black Spot, as I knew, becaule 
would exhibit the ſame appearance of Colou 
in all Poſitions of the Eye. And then the C 
lours which were ſeen at its apparent circumk 
rence by the obliqueſt Rays, would be dittere 
from thoſe that were ſeen in other places, 
Rays leſs oblique to it. And divers Spectato 
might ſee the ſame part of it of differing C- 
tours, by viewing it at very differing Obliqu 
ties. Now obſerving how much the Colours: 
the ſame places of the Bubble; or at divers pl 
ces of equal thickneſs, were varied by the 
veral Obliquities of the pics by the aſſiſtant 
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of the 4th, 14th, 16th and 18th Obſervation e: 
as they are hereafter explain'd , I collect . 
thickneſs of the Water requiſite to exhibit ara 


one and the ſame Colour, at ſeveral ObliquitiWic 
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be very nearly in the Proportion expreſſed 
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of Min the two firſt Columns are expreſs'd the 
top Mliquities of the Rays to the Superficies of the 


ater, that is, their Angles of Incidence and 


'olouflefraction. Where I ſuppoſe that the Sines 
he lich meaſure them are in round Numbers, as 
cun{Weto % though probably the diſſolution of Soap 
tered the Water, may a little alter its refractive 
es, Hirtue. In the third Column the thickneſs of 
cat e Bubble, at which any one Colour is exhibit- 
ns in thoſe ſeveral Obliquities, is expreſs'd in 
)bliquiWprts, of which ten conſtitute its thickneſs when 
lours e Rays are perpendicular. And the Rule 
ers pi und by the ſeventh Obſervation agrees well 
the ch theſe Meaſures, if duly apply'd ; namely, 
[1ſtangWet the thickneſs of a Plate of Water requiſite 
vation exhibit one and the ſame Colour at {ſeveral 


ect t 


O 


Jo blquities of the Eye, is proportional to the 
bit agent of an Angle whoſe Sine is the firſt of an 
aqui nared ànd fix arithmetical mean Proportio- 
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the Sine of Refraction when the Refraction 


on Bell metal, and ſome other metalline Sb 


where they may cool in the open Air, have, li 


melted do continually protrude, and ſend o 
to their Surface, and which by covering tl 


theſe Colours, is much denſer than Water; an 


of the Eyes is leaſt in Colours of the denſelt thi 


Reflexion. Thus when the Bubble being look 
it, ſeem'd red at its apparent circumferen 


after, were view'd through it, the Colour at 


ny — — ——— — Ar rr eo a? — — — — — - 


nals between the Sines of Incidence and Refy 
ction counted from the leſſer Sine, that is, fro 


made out of Air into Water, otherwiſe fro 
the Sine of Incidence. _ 

| have ſometimes obſerv'd, that the Colon 
which ariſe on poliſh'd Steel by heating it, 


{tances, when melted and pour'd on the groun 


the Colours of Water- bubbles, been a litt & 
changed by viewing them at divers Obliqui g; 
and particularly that a deep blue, or violet a 6 
when view'd very obliquely, hath been change 4 
to a deep red. But the Changes of theſe Ct 0 


lours are not ſo great and ſenſible as of tho 
made by Water. For the Scoria or vitrified pa 
of the Metal, which molt Metals when heated 


Metals in form of a thin glaſſy Skin, cauk 
| find that the Change made by the Obliquatic 


Subſtances. - 
0. As inthe ninth Obſervation, fo her 
the Bubble, by tranſmitted Light, appear' 
a contrary Colour to that which it exhibited! 


on by the Light of the Clouds reflected fro 
if the Clouds at the ſame time, or immediate 


circumference would be blue. And, on 
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cr ntriry, when by reflected Light it appeared 
fog, it would appear red by tranſmitted Light. 
5 0% 21. By wetting very thin Plates of Muſ- 
ron 


wy Glaſs, whoſe thinneſs made the like Co- 
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it fide oppoſite to the Eye: But I could not 
erceive any variation of their Species. So then 


ate, and not on that of the ambient Medium. 


ay be known the thickneſs which Bubbles of 
ater, or Plates of Muſcovy Glaſs, or other 
llances z have at any Colour produced by 
em. | 


ik and vivid Colours than that which is ſo 
uch rarer; as I have particularly obſerved in 
e Air and Glaſs, For blowing Glaſs very thin 


wes, V N 
0% 23. Comparing the quantity of Light 
lected from the ſeveral Rings, I found that 


ſo her 
ar'd ( 
Jited 
Loo 
d fro 
feren 
ediate 
Ir al 

on! 


ſtronger than that reflected from thoſe 


O 2 by 


urs appear, the Colours became more faint 
xd languid, eſpecially by wetting the Plates on 


e thickneſs of a Plate requiſite to produce 
Colour, depends only on the denſity of the 


nd hence, by the roth and 16th Obſervations, 


04: 22. A thin tranſparent Body, which is 
nſer than its ambient Medium, exhibits more 


a Lamp Furnace, thoſe Plates encompaſſed 
IN Air did exhibit Colours much more vivid 
an thoſe of Air made thin between two 


vas moſt copious from the firſt or inmoſt, 
lin the exterior Rings became gradually leſs 
leſs. Alſo the whiteneſs of the firſt Ring 


Ns of the thin Medium or Plate which were 
lnout the Rings; as I could manifeltly per- 
ona} by Viewing at a diſtance the Rings made 
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by the two Objeet-glafſes; or by comparing ty; 
Bubbles of Water blown at diſtant times, j 
the firſt of which the whiteneſs appear'd, whid 
{ucceeded all the Colours, and in the othe 
the whiteneſs which preceded them all. 
Ob 24. When the two Object-glaſſes wer 
lay'd upon one another, ſo as to make the Ring 
of the Colours appear, though with my nake 
Eye I could not diſcern above eight or nine 
thoſe Rings, yet by viewing them through 
Priſm I have ſeen a far greater multitude, infq 
much that I could number more than forty, hi 
| ſides many others, that were ſo very ſmall an 
cloſe together, that I could not keep my Eye ſte 
dy on them ſeverally ſo as to number them, 
by their Extent J have ſometimes eſtimated thet 
to be more than an hundred. And I behevet 
Experiment may be 1mproved to the diſcove 
of far greater Numbers. For they ſeem to 
really unlimited, though viſible only ſo far 
they can be ſeparated by the Refraction of t 
Priſm as I ſhall hereafter explain. 

But it was but one {ide of theſe Rings, nam 
ly, that towards which the Refraction was mac 
which by that Refraction was render'd diſtin 
and the other fide became more confuſed th 
when view'd by the naked Eye, infomuch t 
there J could not diſcern above one or tu 
and ſometimes none of thoſe Rings, of whi 
] couid diſcern eight or nine with my nab 

Eye. And their Segments or Arcs, which 
the other fide appear'd ſo numerous, for 
moſt part exceeded not the third part of a C 

cle. If the Refraction was very great, 1 [ 


4 
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iſm very diſtant from the Object-glaſſes, the 
„ f middle part of thoſe Arcs became alſo confu- 1 
ee, fo as to diſappear and conſtitute an even Wy 
tel liteneſs, whilſt on either ſide their ends, as 0 

ſo the whole Arcs fartheſt from the center, 1 
wer ecame diſtincter than before, appearing in the lik 
Ning m as you ſee them deſign'd in the fifth Fi- 
111 5 MF 
ine The Arcs, where they ſeem'd diſtincteſt, were Ih, 
ug ny white and black ſucceſſively, without any 44 
inſchdcher Colours intermix' d. But in other places ＋ 
y, ere appeared Colours, whoſe order was in— by 


erted by the Refraction in ſuch manner, that * 


all an 

e e U firſt held the Priſm very near the Object. 
m. ales, and then gradually removed it farther 4 
1 chef cowards my Eye, the Colours of the 24, 3d, 4 
vet and following Rings ſhrunk towards the þ 


lute that emerged between them, until they 
molly vaniſh'd into it at the middle of the 
cs, and afterwards emerged again in a con- 
ary order. But at the ends of the Arcs they 
tand their order unchanged. 8 5 

have ſometimes ſo lay d one Object glaſs 
pon the other, that to the naked Eye they 


covet 
] tO! 
) far 
oft 


, nam 
8 mac 


diſting< all over ſeem'd uniformly white, without 
ed the leaſt appearance of any of the colour'd 
ach Inge; and yet by viewing them through a 
or tum, great multitudes of thoſe Rings have 
f whit corer d themſelves. And in like manner 
y nab ates of Muſcovy Glaſs, and Bubbles of Glats 
Thich own at a Lamp Furnace, which were not ſo 
for n as to exhibit any Colours to the naked Eye, 
of a e through the Priſm exhibited a great varie- 
«07 or them ranged irregularly up and down in 
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the form of Waves. And ſo Bubbles of Wi! 
ter, before they began to exhibit their Colour 
to the naked Eye of a By. ſtander, have appexr 
ed through a Priſm, girded about with man 
parallel and horizontal Rings; to produce which 
Effect, it was neceſſary to hold the Priſm pe 
rallel, or very nearly parallel to the Horizon 
and to diſpoſe it fo that the Rays might be re. 
fracted upwards. 5 | 
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Remarks Vor the foregoing Obſervations, 


; Rs AVING given my Obſervations of theſe 
Colours, before | make uſe of them to 


55 unfold the Cauſes of the Colours of 


natural Bodies, it is convenient that by 
© ümplelt of them, ſuch as are the 2d, 3 


I Mb, oth, 12th, 18th, 20th, and 24th; [ firſt ex- 
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the lengths V A, VB, YC, VD, YE, VF, Vo 
Roots of the Squares of the Numbers, 3, -, 


Chord to ſound all the Notes in an eighth: 


in ſuch proportion as the Numbers 1, 2, ;, 
6, 7, 9, Io, II, Sc. ſet at the Points of Diviſi 


the 5th and 16th Obſervations, A 6 and H 
treme Colours are moſt copiouſly reflected 
the ſecond Series, and A 1e and H | | 
neſſes, at which they are moſt copiouſſy retie 


 rhickneſs at which any of the intermediate c 


5 L de 


lain the more compounded. And firlt to ſhe 
Tow the Colours in the fourth and eighteen 
Obſervations are produced, let there be tak; 
in any right Line from the Point 4 8 in J. 6 


YH, in proportion to one another, as the Cy 
2, 4, J, 3, 1, whereby the lengths of a mujc 


repreſented ; that is, in the proportion of th 
Numbers 6300, 6814, 7114, 7631, 8255, 88 
243, 10000. And at the Points A, B, C,! 
a F, G, H, let perpendiculars Aa, B B, &c. | 
erected, by whoſe Intervals the Extent of th 
ſeveral Colours ſet underneath againſt them, 
to be repreſented. Then divide the Line A 


denote. And through thoſe Diviſions from 
draw Lines 11, 2 K, 3L, 5 M, 6 N, 7 O, Ge. 
Now if A 2 be ſuppoſed to repreſent t 
thickneſs of any thin tranſparent Body, at whit 
the outmoſt violet is molt copioully refledq 
in the firſt Ring, or Series of Colours, then 
the 13th Obſervation, H K will repreſent | 
thickneſs, at which the utmoſt red is molt c 
piouſly reflected in the ſame Series. Allo 


will denote the thickneſſes at which thoſe e 
Q the thic 
ed in the third Series, and ſo on. And ti 


AH 


Jol 


| 2or } 


be urs are reflected moſt copiouſſy, will accox- 


cen{Wing to the 14th Obſervation, be defined by the 
take itance of the Line A H from the intermediate 
N. Nit of the Lines 2K, 6N, 100), Sc. againſt 
Iich the Names of thoſe Colours are written 
Cu elow, 85 „ 
„hut farther, to define the Latitude of theſe 
nue olours in each Ring or Series, let A 1 deſign 
th Me leaſt thickneſs, and A 3 the greateſt thick- 


of Mes, at which the extreme violet in the firſt 


- 88;Weries is reflected, and let H I, and HL, de- 


(„en the like limits for the extreme red, and let 
5c. Ne intermediate Colours be limited by the in- 


of th 
Jem, 
ne A 
4 3, 
)1vifid 
rom 
3c. 
Of | 
* Whi 
>flectd] 
then 
{ent | 


ermediate parts of the Lines 1 J, and 3 L, a- 
ainſt which the Names of thoſe Colours are 
itten, and ſo on: But yet with this caution, 
hat the Reflexions be ſuppoſed ſtrongeſt at the 


rom thence to decreaſe gradually towards theſe 
chere you muſt not conceive them to be pre- 
lely limited, but to decay indefinitely. And 
rhereas [ have aſſign'd the ſame Latitude to e- 


ours in the firſt Series ſeem to be a little broad- 


jolt r than the reſt, by reaſon of a ſtronger Re- 
Allo ſexion there, yet that inequality is fo infen- 


d Hie as ſcarcely to be determin'd by Obſerva- 


10088 


%% . 
cted WF Now according to this Deſcription, concei- 
e thing that the Rays originally of ſeveral Colours 
refer by turns reflected at the Spaces 11 L 3, M 
\nd eo P Rin, Sc. and tranſmitted at the Spaces 
ate HII, 3 LM 5,70 Pg, &c. it is eaſy to know 


nermediate Spaces, 2 K, 6 N, 10 O, Sc. and 


mits, 1 1, 3 L, 5 M, 7 O, &c. on either ſide; 


ery Series; I did it, becauſe although the Co- 


what 
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[ what Colour muſt in the open Air be ew the 
4 bited at any thickneſs of a tranſparent thin B0 
| dy. For if a Ruler be applied parallel to a ver 
Wl" At that diſtance from it by which the thicknef er 
18 of the EN is repreſented the alternate Space ore 
1 1IL 3, 5 MOQO7, Sc. which it croſſeth will df 
. note the reflected original Colours, of which ite 
is the Colour exhibited in the open Air is con lou 
14 ounded. Thus if the conſtitution of the greg e a 
AA in the third Series of Colours be defired, app ibi 
N it the Ruler as you ſee at 17 9 O, and by its pak lou 
1  fing through ſome of the blue at = and yell: 
lf at , as well as through the green at e, you mit 
conclude that the green exhibited at that thickMWinc 
_ neſs of the Body is principally conſtituted g 
original green, but not without a mixture lou 
ſome blue and yellow. ä 
By this means you may know how the (on 
lours from the center of the Rings outwaſ dt 
ought to ſucceed in order as they were deſciſi cee 
bed in the 4th and 18th Obſervations. For WE vi 
you move the Ruler gradually from AH throui var 
all diſtances, having paſs'd over the firſt Spa put 
which denotes little or no Reflexion to be made, 
by thinneſt Subſtances, it will firſt arrive at iH v1 
Violet, and then very quickly at the blue ann. 
: green, which together with that violet conſe, 
pound blue, and then at the yellow and red, unn 

whole farther addition that blue is convert, 

into whiteneſs, which whiteneſs continues dg 
ring the tranſit of the edge of the Ruler iroes. 
I to 3, and after that by the ſucceſſive deli a 

ence of its component Colours, turns firli it), 
compound yellow, and then to red, and lat ii 


- 
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YA ; of the ſecond Series, which ſucceed in 
Aer during the tranſit of the edge of the 
Knef er from 5 to O, and are more lively than 
pace ore, becauſe more expanded and ſevered, 
ea for the ſame reaſon, inſtead of the former 


vhic ite there intercedes between the blue and 


com 


re | 

oo bir a dilute and imperfect green. So the 

ts pi ours of the third Series all ſucceed in or- 
eller: firſt, the violet, which a little | interferes 


ch the red of the ſecond order, and is there- 


Uma -0 
ed i green > which are leſs mixed with other 


ure ours, and conſequently more lively than be- 


ae CM ow, ſome of which towards the green is di- 


war et and good, but that part of it towards the 
deſcrWcceding red, as alſo that red is mix'd with 
For W violet and blue of the fourth Series, where- 
1rou various degrees of red very much inclining 
Spie purple are compounded. This violet and 
e made, which ſhould {ucceed this red, being mix- 
at 1 th with, and hidden in it, there ſucceeds a, 
ue anen. And this at firſt is much inclined to 
t cone, bur ſoon becomes a good green, the on- 
red, Mumix'd and lively Colour in this fourth Se- 
wer. For as it verges towards the yellow, it 
des dens to interfere with the Colours of the fifth 
er froes, by whoſe. mixture the ſucceeding yel- 
def and red are very much diluted and made 


firlt t 
d laſt 


Ee ———— 


he red ceaſeth at L. Then begin the Ca- 


e and indigo, all which together onght to 


e, eſpecially the green: Then follows the 


ly, eſpecially the yellow, which being the 
Aker Colour is ſcarce able to ſhew it ſelf. 
ä N 
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i After this the ſeveral Series interfere more 3 
I more, and their Colours become more and mg 
intermix'd, till after three or four more rey 
lutions (in which the red and blue predoming 
by turns) all forts of Colours are in all play 
pretty equally blended, and compound an ex 
%% ²¾-w ĩÄ2 adiagr 994 
And ſince by the 15th Obſervation the Ry 
endued with one Colour are tranſmitted, whe 
41; thoſe of another Colour are reflected, the 
1308 {on of the Colours made by the tranſmitte 
I Light in the ↄth and 20th Obſervations is fro 
hence evident. 17 1 4 
If not only the Order and Species of th: 
40 Colours, but alſo the preciſe thickneſs oft 
11:18 Plate, or thin Body at which they are exhibite ts 
8 be deſired in parts of an Inch, that may be fer 
110 obtained by aſſiſtance of the 6th or 16th Obſe 

Fi! vation. For according to thoſe Obſervatio 
| | the thickneſs of the thinned Air, which 
tween two Glaſſes exhibited the moſt lumino 


| oy 1 | 1 ? 
parts of the firſt ſix Rings were 5555 55 


lich 


I 78000? l 78 
5 4 


—— 
. 


9 11 
178000 178090? 


18e T5800 Parts of an Inc 
Suppoſe the Light reflected moſt copioully 
| theſe thickneſſes be the bright citrine yell 
Wl or confine of yellow and orange, and tix 
110 thickneſſes will be Fa, Fw, FE, Fe, F7. A 
this being known, it is eaſy to determine wi 
thickneſs of Air is repreſented by G O or 
any other diſtance of the Ruler from AH. 

1 hut farther, ſince by the toth Obſervation 4 
Wi. thickneſs of Air. was to the thickneſs of LY 
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re lich between the ſame Glaſſes exhibited the 


mo ne Colour, as 4 to 3, and by the 21ſt Obſer- 
rey ton the Colours of thin Bodies are not varied 
mina varying the ambient Medium; the thick- 
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s of a Bubble of Water, exhibiting any Co- 
Fur, will be 4 of the thickneſs of Air produ- 


5 of a Plate of Glaſs, whoſe Refraction of 
e mean refrangible Ray, is meaſured by the 
roportion of the Sines 31 to 20, may be 2 of 


t affirm, that this proportion of 20 to 31, 
ds in all the Rays; for the Sines of other 
ts of Rays have other Proportions. But the 
ferences of thoſe Proportions are ſo little 
at I do not here conſider them. On theſe 


d ſpecifick, is expreſſed in parts of an Inch 
ded into ten hundred thouſand equal parts. 


g the ſame Colour. And ſo according to 
e lame Toth and 21ſt Obſervations the thickx- 


e thickneſs of Air producing the ſame Co- 
urs; and the like of other Mediums. I do 


rounds I have compoſed the following Ta- 
e, wherein the thickneſs of Air, Water, and 
laſs, at which each Colour 1s moſt intenſe 
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[Now if this Table be compared with the 6th 
heme, you will there ſee the conſtitution of 
ch Colour, as to its Ingredients, or the ori- 
Colours of which it is compounded, and 
ence be enabled to judge of its Intenſeneſs or 
perfection; which may ſuffice in explication 
the 4th and 18th Obſervations, unleſs it be 
cher deſired to delineate the manner how 
e Colours appear, when the two Object. glaſ- 
care laid upon one another. To do which, 
there be deſcribed a large Arc of a Circle, 
d a ſtreigth Line which may touch that Arc, 
d parallel to that Tangent ſeveral occult 
nes, at ſuch diſtances from it, as the Num- 
rs ſet againſt the ſeveral Colours in the Ta- 
edenote. For the Arc, and its Tangent, will 
prelent the Superficies of the Glaſſes termi- 
ing the interjacent Air; and the places where 
e occult Lines cut the Arc will ſhow at what 
ances from the center, or Point of contract, 
,, 
There are alſo other Uſes of this Table: For 
its aſſiſtance the thickneſs of the Bubble in 
£19th Obſervation was determin'd by the Co- 
Irs which it exhibited. And fo the bigneſs 
the parts of natural Bodies may be conje- 
red by their Colours, as ſhall be hereafter 
Wn. Alſo if two or more very thin Plates 
ad one upon another, ſo as to compoſe one 
ue equalling them all in thickneſs, the reſult- 
Colour may be hereby determin'd. For in- 
ice, Mr. Hook obſerved, as is mentioned in 
Micrographia, that a faint yellow Plate of 
ucovy Glaſs laid upon a blue one conſtituted 
23 CL PRIIERIIES +, - © 

4 


Order is a faint one; and the thickneſs of tj 
Plate exhibiting it, according to the Table ff 
42, to which add 9, the thickneſs exhibit 


I To explain, in the next place, the circi 


Diameter is moſt manifeſt and ſpeedy wit 


at which they are reflected to produce the q 
lour'd Rings, and conſequently the yellow Mee 


red; and the Exceſs of its Dilatation will be) 


the obliquity of the Rays, until at laſt it b 


and violet, will be alſo ſo much dilated by! 
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4 very deep purple. The yellow of the fi 


blue of the ſecond Order, and the Sum will 


133 which is the thickneſs exhibiting the puWhix: 
ple of the third Order. 


® * i 


{ſtances of the 2d and 3d Obſervations; that! 
how the Rings of the Colours may (by turnin 


the Priſms about their common Axis the co fa 
trary way to that expreſſed in thoſe Obſe rig o 
tions) be converted into white and black Rin p. 
and afterwards into Rings of Colours again, Md! 
Colours of each Ring lying now in an inver th 
order; it muſt be remember'd, that thoſe R Af 
of Colours are dilated by the obliquation of tifays, 
Rays to the Air which intercedes the GlallWlatc 


and that according to the Table in the 7th 0 
ſervation, their Dilatation or Increaſe of the 


they are obliqueſt. Now the Rays of yell 
being more refracted by the firſt Superficies 
the ſaid Air than thoſe of red, are there 
made more oblique to the ſecond Supertick 


cle in each Ring will be more dilated than 


much the greater, by how much the greatef 


come of equal extent with the red of the fat 
Ring. And for the ſame reaſon the green, dl 
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d, that is, equally diſtant from the center of 
me Ring muſt be coincident, and by their 
reunWem, becauſe they do not ſpread and interfere 


ith one another as before. And for that rea- 
n alſo they muſt become diſtincter and viſible 


n, Hd ſo very apt to appear at the exterior Verges 
vertaA the white. 2 | e 
Ring Afterwards, by a greater obliquity of the 
is, the violet and blue become more ſenſibly 
7 allWiated than the red and yellow, and ſo being 
th O rcher removed from the center of the Rings, 
i the Colours muſt emerge out of the white in an 


yell violet and blue at the exterior Limbs of 
cies ch Ring, and the red and yellow at the in- 
herWrior. And the violet, by reaſon of the great- 
ric obliquity of its Rays, being in proportion 
the ot of all expanded, will ſooneſt appear at 
1e exterior Limb of each white Ring, and be- 
nan me more conſpicuous than the reit. And the 
11 begheral Series of Colours belonging to the ſeve- 
A, | Rings, will by their unfolding and ſpread- 
It U 


Kat numbers. 


u greater obliquity of their Rays, as to be- 
me all very nearly of equal extent with the 


e Rings. And then all the Colours of the 


ture exhibit a white Ring. And theſe white 
ings muſt have black and dark Rings between 


far greater numbers. But yet the violet be- 
g obliqueſt will be ſomething more dilated in 
oportion to its extent than the other Colours, 


der contrary to that which they had before, 


W begin again to interfere, and thereby ren- 
fr the Rings leſs diſtinct, and not viſible to ſo 


„„ 


F-e16 4- -- 
If inſtead of the Priſms the Object-glaſſez 
made uſe of, the Rings which they exhibit he 
come not white and diſtinct by the obliquity 
the Eye, by reafon that the Rays in their palſy 
through that Air which intercedes the Gate 
are very nearly parallel to thoſe Lines in whi, 
they were firſt incident on the Glaſſes, and cop 
ſequently the Rays endued with ſeveral Colon 
are not inclined one more than another to th; 
Air, as it happens in the Priſms. Go 
There is yet another circumſtance of the 
Experiments to be conſider'd, and that is wh 
the black and white Rings which when view! 
at a diſtance appear diſtinct, ſhould not only be 
come confuſed by viewing them near at hand 
but alſo yield a violet Colour at both the edge 
of every white Ring. And the reaſon is, th 
the Rays which enter the Eye at ſeveral puff en 
of the Pupil, have ſeveral Obliquities to the C 
{es, and thoſe which are moit oblique, if con 
der'd apart, would repreſent the Rings biggt 
than thoſe which are the leaſt oblique. When 
the breadth of the Perimeter of every will 
Ring 1s expanded outwards by the oblique 
Rays. and inwards by the leaſt oblique. All 
this Expanſion is ſo much the greater by ho 
much the greater is the difference of the Ob. 
quity ; that is, by how much the Pupil is wide 
or the Eye nearer to the Glaſſes. And 
breadth of the violet muſt be moſt expandel 
becauſe the Rays apt to excite a Senſation | 
that Colour are moit oblique to a fecond, ( 
- farther Superticies of the thinn'd Air at whiC 
they are reflected, and have alſo the great 
£2 yall 


E 
ſesh 


it r ſooneſt emerge out of the edges of the 


ty ite. And as the breadth of every Ring is 
all augmented, the dark Intervals mult be di- 
olalMciſh'd, until the neighbouring Rings become 
whicMntinuous, and are blended, the exterior firſt, 
d cold then thoſe nearer the center, ſo that they 
olouWh no longer be diſtinguiſh'd apart, but ſeem 


0 tha 


the 
18 wh 
view. 


conttitute an even and uniform whiteneſs. 
Among all the Obſervations there is none ac- 
mpanied with ſo odd circumſtances as the 


nly b even and uniform tranſparent whiteneſs, 
t handout any terminations of Shadows, the Re- 
 ecyWMfition of a Priſm ſhould make Rings of Co- 
1s, ts appear, whereas it uſually makes Objects 
I pa pear colour'd only there where they are ter- 

e Gla 


| coli luminous ; and that it ſhould make thoſe 
bigpiMros exceedingly diſtin and white, although 
V henoffuiually renders Objects confuſed and colour- 
vu The Cauſe of theſe things you will under- 
bl1qu Wd by conſidering, that all the Rings of Co- 
. 8s are really in the Plate, when view'd with 
oY naked Eye, although by reaſon of the great 
e Obl 


adth of their Circumferences they ſo much 


; WideBWWerfere and are blended together, that they 


nd [ 
Yanded 
tion 0 
nd, ( 
t whid 
great 

val! 


en the Rays paſs through the Priſm to the 


ich means the Colours on one ſide of the 


nation of Obliquity, which makes that Co- 


enty fourth. Of thoſe the principal are, that 
hin Plates, which to the naked Eye ſeem of 


mated with Shadows, or have parts unequal 


M to conſtitute an uniform whiteneſs. But 


e, the Orbits of the ſeveral Colours in every 
08 are refracted, ſome more than others, ac- 
ng to their degrees of Refrangibility : By 


P 2 Ring 


1 
Ring (that is in the Circumference on one ſde. 
its center) become moreuntolded and dilated. 
thoſe on the other tide more complicated ii 
contracted. And where by a due Refraction thy 
are ſo much contracted, that the ſeveral Ringgh 
come narrower than to interfere with one an 
ther, they muſt appear diftin&, and alſo whi 
if the conſtituent Colours be ſo much contr;/ 
ed as to be wholly coincident. But, on the 
ther ſide, where the Orbit of every Ring is ma 
broader by the farther unfolding of its Coloy 
it muſt interfere more with other Rings t 
before, and ſo become leſs diſtin. 

To explain this a little farther, ſuppoſet 
concentrick Circles A V, and B X, [in Fy. 
repreſent the red and violet of any Ord 
which, together with the intermediate Colo 
conſtitute any one of theſe Rings. Now th 
being view'd through a Priſm, the violet Cir 

B X, will by a greater Refraction be far 
- tranſlated from its place than the red A V,! 
ſo approach nearer to it on that fide of thel 
cles, towards which the Refractions are mal 
For inſtance, if the red be tranſlated to 4 
the violet may be tranſlated to & x, ſo as to 
proach nearer to it at x than before, and if 
red be farther tranſlated to a v, the violet! 
be ſo much farther tranſlated to bx as toc 
vene with it at x, and if the red be yet fan 
_ tranſlated to « I, the violet may be ſtill ſom 
farther tranſlated to g F as to paſs beyond! 
E, and convene with it at e and f And 
being underſtood not only of the red and 
let, but of all the other intermediate Colo 
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| alſo of every revolution of thoſe Colours, 
u will eaſily perceive how thoſe of the ſame 
W.olution or order, by their nearneſs at x v 
1 TE, and their coincidence at x v, e and F, 
ught to conſtitute pretty diſtin Arcs of Cir- 
ks, eſpecially at x v, or at e and f, and that 


. ey will appear ſeverally at x v, and at xv ex- 
6. ht whiteneſs by their coincidence, and again 
* pear ſeveral at YZ, but yet in a contrary or- 
er to that which they had before, and ſtill re- 
donn beyond e and f. But, on the other fide, 


tab, a b, or a g, theſe Colours muſt become 
uch more coufuſed by being dilated and ſpread 
, as to interfere with thoſe of other Orders. 
nd the ſame confuſion will happen at TY # be- 
yeen e and 5 if the Refraction be very great, 
the Priſm very diſtant from the Object-glaſ- 
s: In which caſe no parts of the Rings will 
e ſeen, fave only two little Arcs at e and 7, 
Whoſe diſtance from one another, will be aug- 
ented by removing the Priſm ſtill farther from 
e Object-glafſes : And theſe little Arcs muſt 
 diftinReſt and whiteſt at their middle, and 
| their ends, where they begin to grow con- 
led they muſt be coloured. And the Colours 
tone end of every Arc muſt be in a contrary 
der to thoſe at the other end, by reaſon that 

ley croſs in the intermediate white; namely, 
leir ends, which verge towards T #, will be 
d and .yellow on that ſide next the center, 
Id blue and violet on the other ſide. But 
er other ends which verge from YZ will on 
e contrary be blue and violet on that fide to- 

VV 
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wards the center, and on the other ſide red ar 
yellow. 

Now as all theſe things follow from the pr 
perties of Light by a mathematical way of re 
foning, ſo the truth of them may be manifeſt 
by Experiments. For in a dark Room, by view 
ing theſe Rings through a Priſm, by retlexi 
of the ſeveral priſmatick Colours, which 4 
afliſtant cauſes to move to and fro upon a 
or Paper from whence they are reflected, whi 
the Spectator's Eye, the Priſm and the Objec 
glaſſes (as in the 13th Obſervation) are place 
ſteady: the Poſition of the Circles made fu 
ceſſively by the ſeveral Colours, will be foun 
ſuch, in reſpe& of one another, as I have de 
ſcribed in the Figures a 6 x v, or abxvy, ö 
I. And by the fame method the truth « 
the Explications of other Obſervations may | 
examined. ee” „ 

By what hath been ſaid, the like Phænome 
of Water, and thin Plates of Glaſs may be u 
derſtood. But in fmall fragments of thoſe Plate 
there is this farther obiervable, that where th 
lye flat upon a Table and are turned about the 
centers Whilſt they are viewed through a Prilt 
they will in ſome poſtures exhibit Waves ot vt 
rious Colours, and ſome of them exhibit the 
Waves in one or two Poſitions only, but 
moſt of them do in all Poſitions exhibit then 
and make them for the moſt part appear 1 
molt all over the Plates. The reafon is, tl! 
the Superiicies of ſuch Plates are not even, 
have many Cavities and Swellings, which 119 
thallow ſocver do a little vary the thickneb, 
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e plate. For at the ſeveral ſides of thoſe Ca- 
lies, for the Reaſons newly deſcribed, there 
wht to be produced Waves in ſeveral po- 


ne very ſmall, and narrower parts of the Glaſs, 
ien which theſe Waves for the moſt part are cau- 

pet they may ſeem to extend themſelves 
er the whole Glaſs, becauſe from the narrow- 


ders, that is of ſeveral Rings, confuſedly re- 


folded,” ſeparated, and according to their 
wrees of Refraction, diſperſed to ſeveral pla- 
s, ſo as to conſtitute ſo many ſeveral Waves, 
there were divers orders of Colours promiſ- 
ouſly reflected from that part of the Glaſs. 
Theſe are the principal Phanomena of thin 
ates or Bubbles, whoſe Explications depend 
the properties of Light, which I have here- 
fore deliver'd. And theſe you ſee do neceſ- 
ly follow from them, and agree with them, 
en to their very leaſt circumſtances ; and not 
ly ſo, but do very much tend to their proof. 
bus, by the 24th Obſervation, it appears, that 
e Rays of ſeveral Colours made as well by thin 


ne ſeveral degrees of Refrangibility, where- 


| thoſe of each order, which at the reflexion 
m the Plate or Bubble are intermix'd with 


Fcome viſible by themſelves like Arcs of Cir- 
ts. For if the Rays were all alike refrangi- 


"P'4 "40 


res of the Priſm. Now though it be but 


of thoſe parts there are Colours of ſeveral 


ted, which by Refraction of the Priſm are 


ates or Bubbles, as by Refractions of a Priſm, 


de of other Orders, are ſeparated from them 
Refraction, and aſſociated together ſo as to 


e, tis impoſſible that the whiteneſs, which 
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to the naked Senſe appears uniform, ſhould 
Refraction have its parts tranſpoſed and rang 
into thoſe black and white Arcs. 
It appears alſo that the unequal Refractio 
of difform Rays proceed not from any cont 
gent irregularities ; ſuch as are Veins, an uney 
Poliſh, or fortuitous Poſition of the Pores 
Glaſs; unequal and caſual Motions in the A 
or Ather, the ſpreading, breaking, or dividi 
the ſame Ray into many diverging parts, ortl 
like. For, admitting any fuch irregularities, 
would be impoſlible for Refractions to rend 
thoſe Rings ſo very diſtinct, and well define 
as they do in the 24th Obſervation. It isn 
ceſſary therefore that every Ray have its prop 
and conſtant degree of Refrangibility conna 
with it, according to which its refraction is ey 
juſtly and regularly perform'd, and that fever 
Rays have ſeveral of thoſe degrees. 
And what is ſaid of their Refrangibility m 
be alſo underſtood of their Reflexibility, that 
of their Diſpoſitions to be reflected ſome at 
greater, and others at a leſs thickneſs, of th 
Plates or Bubbles, namely, that thoſe Diſpo 
tions are alſo connate with the Rays, and it 
mutable ; as may appear by the 13th, 14th, 1 
15th Obſervations compared with the fourth at 
T 
Hy the precedent Obſervations it appears 
ſo, that whiteneſs is a diſſimilar mixture of 
Colours, and that Light is a mixture of Ra 
endued with all thoſe Colours. For confidt 
ing the multitude of the Rings of Colours, 
the zd, Iizth and 24th Obſervations, it is m 
A 


ET) 

h that although in the 4th and 18th Obſer- 
tons there appear no more than eight or 
ne of thoſe Rings, yet there are really a far 
enter number, which ſo much interfere and 
jingle with one another, as after thoſe eight 
nine revolutions to dilute one another whol- 
and conſtitute an even and ſenſibly uniform 
hiteneſs. And conſequently that whiteneſs 
"ſt be allow'd a mixture of all Colours, and 


a mixture of Rays endued with all thoſe Co- 


ende ours. jo 
fine But farther, by the 24th Obſervation, it ap- 
is nears, that there is a conſtant relation between 


odours and Refrangibility , the moſt refrangi- 
nd thoſe of intermediate Colours having pro- 
ations; compared with the 4th or 18th, there 
wears to be the ſame conſtant relation be- 
ween Colour and Reflexibility, the violet be- 
ug in like circumſtances reflected at leaſt thick- 


geateſt thickneſſes, and the intermediate Co- 


hllows, that the colorifick Diſpoſitions of Rays 


ars Mey conſequence that all the Productions and 
of W'ppearances of Colours in the World are de- 
ned not from any phyſical Change cauſed in 
alia ight by Refraction or Reflexion, but only 
rs, rem the various Mixtures or Separations of 
ma ys, by virtue of their different Refrangibility 


Or 


ie Light which conveys it to the Eye muſt 


e Rays being violet, the leaſt refrangible red, 


ortionably intermediate degrees of Refrangibi- 
y. And by the 13th, 14th and 15th Obſer- 


teſſes of any thin Plate or Bubble, the red at 
burs at intermediate thickneſſes. Whence it 


re alſo connate with them and immutable, and 
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or Reflexibility. And in this reſpect the Sciens, 
of Colours becomes a Speculation as truly ny 
thematical as any other part of Opticks. I men 
ſo far as they depend on the Nature of Ligh 
and are not produced or alter'd by the Powe 
of Imagination, or by ſtriking or prefling th 


Eye, 
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PART III. 


FFC ˙ E646 OED 
N the permanent Colours of natural Bodies, and 


1 5 Plates. 


AM now come to another part of 


OVA 


W told you that they appear of divers Co- 
lours, 


OO TTTTY * d d- ö f f & M f N f f SA & M A 


| the Analogy between them and the Colours of 


this Deſign, which is to conſider how 
the Phenomena of thin tranſparent 
Plates ſtand related to thoſe of all o- 
er natural Bodies. Of theſe Bodies I have al- 


Hours, accordingly as they are diſpoſed to reflet 
moſt copiouſly the Rays originally endued vi 


ſhall endeavour to manifeſt in the following 
Propoſitions. 


Thoſe Superficies of tranſparent Bodies reſt 


equally refracting Mediums there is uo Re 


um into another which refracts from the per: 
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thoſe Colours. But their Conſtitutions, wherg 
by they reflet ſome Rays more copiouſly thy 
others, remain to be diſcover'd, and theſe 
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the greateſt quantity of Light, which hav 
the greateſt refracting Power ; that is, which 
intercede Mediums that differ moſi in then 
refractive Denſities. And in the Confines ere. 


flexion, 


"HE Analogy between Reflexion and Re 
fraction will appear by conſidering, tha 
when Light paſſeth obliquely out of one Medi 


pendicular, the greater is the difference of thel 
refractive Denſity, the leſs Obliquity of Inch 
dence is requiſite to cauſe a total Reflexion 
For as the Sines are which meaſure the Refa 
ction, ſo is the Sine of Incidence at which the 
total Reflexion begins, to the Radius of thi 
Circle, and conſequently that Angle of Incy 
dence is leaſt where there is the greateſt diffe: 
rence of the Sines. Thus in the paſſing 0 
Light out of Water into Air, where the Refra 
ction is meaſured by the Ratio of the vines 3 
4, the total Reflexion begins when the Angl 
of Incidence is about 48 Degrees 35 Minuty 
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h paſſing out of Glaſs into Air, where the Re. 
tion is meaſured by the Ratio of the Sines 
10 to 31, the total Reflexion begins when the 
Angle of Incidence is 40 Degrees 10 Minutes; 
ind ſo in paſſing out of Cryſtal, or more ſtrong- 
yrefracting Mediums into Air, there is ſtill a leſs 
Obliquity requiſite to cauſe a total Reflexion. 
duperficies therefore which retract moſt do 
ſooneſt reflect all the Light which is incident 


on them, and ſo mult be allowed moſt ſtrongly 
I reflexive. 


But the truth of this Propoſition will farther 
pear by obſerving, that in the Superficies in- 
terceding two tranſparent Mediums, (ſuch as are 


Air, Water, Oil, common Glaſs, Cryſtal, me- 
 talline Glaſſes, Iſland Glaſſes, white tranſparent 


Arſenicx, Diamonds, G&c.) the Reflexion is 
tronger or weaker accordingly, as the Super- 
ficies hath a greater or leſs refracting Power. 
For in the Confine of Air and Sal-gem 'tis 


ſtronger than in the Confine of Air and Water, 
and ſtill ſtronger in the Confine of Air and com- 


mon Glaſs or Cryſtal, and ſtronger in the Con- 


fne of Air and a Diamond. If any of theſe, 


and ſuch like tranſparent Solids, be immerged 


in Water, its Reflexion becomes much weak- 


er than before, and ſtill weaker if they be im- 
merged in the more ſtrongly refracting pr, ak 
of well rectified Oil of Vitriol or Spirit of 


ur- 


pentine. If Water be diſtinguiſh'd into two 

| parts, by any imaginary Surface, the Reflexion 

in the Confine of thoſe two parts, is none at all. 
In the Confine of Water and Ice 'tis very little, 

n that of Water and Oil tis ſomething greater, 

3 

A 


my 
l 
\ 
14 
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_ underſtood of the Superficies interceding two 


ſible Reflexion but in their external Superficies, 


denſity. 


in that of Water and Sal-gem ſtill greater, and 
in that of Water and Glaſs, or Cryſtal, or other 
denſer Subſtances {till greater, accordingly 2 
thoſe Mediums difter more or leſs in their re. 
fracting Powers. Hence in the Confine of com. 
mon Glaſs and Cryſtal, there ought to he z 
weak Reflexion, and a ſtronger Reflexion in 
the Confine of common and metalline Glaf, 
though I have not yet tried this. But, in the 
Confine of two Glaſſes of equal denſity, there 
is not any ſenſible Reflexion, as was ſhewn in 
the firſt Obſervation. And the ſame may be 


Cryſtals, or two Liquors, or any other Sub. 
{ſtances in which no Refraction is cauſed. 80 
then the reaſon why uniform pellucid Mediums 
(ſuch as Water, Glaſs, or Cryſtal) have no ſen. 


where they are adjacent to other Mediums of 
a different denſity, is becauſe all their conti- 
guous parts have one and the ſame degree of 


PROP: 1 
The leaſt parts of almoſt all natural Bodies art | 
in ſome meaſure tranſparent : And the Opa. fa 

city of thoſe Bodies ariſeth from the multi hq. | 
tude of Reflexions cauſed in their internal | the 

y of ' « 2 : . 6 Pa! 
"HAT this is ſo has been obſerved by 0- A 
thers, and will eaſily be granted by them 3 
tat have been converſant with Microſcopes , *g 


And it may be alſo tried by applying __ {ub- 
an 


—— 
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unce to a hole through which ſome Light is 
mitted into a dark Room. For how opake 
erer that Subſtance may ſeem in the open 
ir, it will by that means appear very manifeſt- 
r tranſparent, if it be of a ſufficient thinneſs. 
ly white metalline Bodies muſt be excepted, 
yhich by reaſon of their exceſſive denſity ſeem 
reflect almoſt all the Light incident on their 
ft Superficies, unleſs by ſolution in Menſtru- 
ms they be reduced into very ſmall Particles, 
Ind then they become tranſparent. 


b 

> %% EE 

1h. NPetween the parts of opake and colour d Bodies 
So are many Spaces, either empty or repleniſh'd, 
ns, Wi ih Mediums of other Denſities; as Water 


between the tinging Corpuſeles wherewith a- 


ies, Y Liquor is impregnated, Air between the 
of aqueous Globules that conſtitute Clouds or 
nti- Ae; and for the moſt part Spaces void of 
> of Wl th Air and Water, but yet perhaps not 


wholly void of all Subſtance, between the parts 
| of hard Bodies. = 


HE truth of this is evinced by the two 


1 precedent Propoſitions: For by the ſe- 
115 ud Propoſition there are many Reflexions 


the firſt Propoſition, would not happen if 
© parts of thoſe Bodies were continued with- 


cilexions are cauſed only in Superficies, which 
We. Bogus of a diftering denſity by 
rp, 1. NY, 3 3 3 
d But 

4 


ade by the internal parts of Bodies, which, 


ut any ſuch Interſtices between them, becauſe 
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will appear by conſidering, that opake Subſ} 


fity with their parts. Thus Paper dipped | 


ſtronger than thoſe made by the ſame Subſtance 
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But farther, that this diſcontinuity of pn 
is the principal Cauſe of the opacity of Bodig 


ces become tranſparent by filling their Porte 
with any Subſtance of equal or almoſt equal den 


ater or Oil, the Oculus Mundi Stone ltcep| 


in Water, Linen Cloth oiled or varniſh'd, MMO! 
and many other Subſtances ſoaked in ſuch H fu 
quors as will intimately pervade their lit: in 
ores, become by that means more tranſpateſ ¶ tran 
than otherwiſe ; ſo, on the contrary, the mW ir 
tranſparent Subſtances may by evacuating th«ſer{ible 
Pores, or ſeparating their parts, be render t ola 
ſufficiently opake, or Salts or wet Paper, or ter, 
Oculus Mundi Stone by being dried, Horn nnd ir 
being ſcraped, Glaſs by being reduced to Poe W. 
der, or otherwiſe flawed, Turpentine by bei most 
ſtirred about with Water till they mix impet 0 appe 
fectly, and Water by being form'd into mai f refl: 
ſmall Bubbles, either alone in the form of Fro 0n t 
or by ſhaking it together with Oil of 'Turpel, G 
tine, or Oil Olive, or with ſome other convinſpa 
nient Liquor, with which it will not perfect hey ſe 
incorporate, And to the increaſe of the opacilifetwee 
ty of theſe Bodies it conduces ſomething, thitcir { 
by the 23d Obſervation the Reflexions of veWuſe | 


thin tranſparent Subſtances are conſiderab 


of a greater thickneſs. 
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da „„ OL. 
le parts of Bodies and their Interflices muſt 
wt be leſs than of ſome definite bigneſs, to 


© 


render them opake and colour d. 


OR the opakeſt Bodies, if their parts be 
[ {ubtily divided, (as Metals by being diſſol- 
ed in acid Menſtruums, Sc) become perfect- 
| tranſparent. And you may alſo remember, 
hat in the eighth Obſervation there was no 
nfible reflexion at the Superficies of the Ob- 
ect glaſſes where they were very near one an- 
ther, though they did not abſolutely touch. 
nd in the 17th Obſervation the Reflexion of 
te Water-bubble where ir became thinneſt was 
moſt inſenſible, ſo as to cauſe very black Spots 
0 appear on the top of the Bubble by the want 
f reflected Light. 5 


On theſe grounds I perceive it is that Water, 1 
alt, Glaſs, Stones, and ſuch like Subſtances, are 1 


unſparent. For, upon divers Conſiderations, 
bey ſeem to be as full of Pores or Interſtices 1 
tween their parts as other Bodies are, but yet 0} 
eir Parts and Interſtices to be too ſmall to 9 
ule Reflexions in their common Surfaces: | l 
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The tranſparent parts of Bodies according | 
their ſeveral fizes reflect Rays of one Cain e ap 
and tranſmit thoſe of another, on the ſu tha 
grounds that thin Plates or Bubbles do 0, JA 
or tranſmit thoſe Rays. And this I ta Wo" 
be the ground of all their Colours. 4 = 
. PEA | . mate 
f . it a thinn'd Or plated Body, Whit cure 
T being of an even thickneſs, appears all Mi rect 
ver of one uniform Colour, ſhould be {lit in och af 
Threds, or broken into Fragments, of the ſa e 1: 
thickneſs with the Plate; I ſee no reaſon He ſe 
every Thred or Fragment ſhould not keey hun. 
Colour, and by. conſequence why a heap WM ref! 
thoſe Threds or Fragments ſhould not confie thi 
tute a Maſs or Powder of the fame Colours, 
which the Plate exhibited before it was brok ich ! 
And the parts of all natural Bodies being ie ch 
ſo many Fragments of a Plate, mult on the ey g. 
grounds exhibit the fame Colours. . ly pi 
Nou that they do ſo, will appear by the afaking 
nity of their Properties. The finely colouMtritic 
Feathers of ſome Birds, and particularly thꝙ u of 
= of Peacocks Tails, do in the very ſame part Neknet 
the Feather appear of ſeveral Colours in leveibur'c 
Poſitions of the Eye, after the very ſame mug b 
ner that thin Plates were found to do in Hu be 
7th and 19th Obſervations, and therefore ier c 
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j Colours arife from the thinneſs of the tran" my 
q rent parts of the Feathers; that is, from Ye 
k ſlenderneſs of the very fine Hairs, or Capih bange 
muꝛeenta, which grow out of the ſides of e 
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offer lateral Branches or Fibres of thoſe Fea- 
xs, And to the fame purpoſe it is, that the 
ebs of ſome Spiders by being ſpun very fine 
ie appeared colour'd, as {ome have obſerv'd, 
that the colour'd Fibres of fome Silks by 
ging the Poſition of the Eye do vary their 
odour. Alſo the Colours of Silks, Cloths, 
other Subſtances, which Water or Oil can 
mately penetrate, become more faint and 
ſecure by being immerged in thoſe Liquors, 
d recover their Vigour again by being dried; 
ch after the manner declared of thin Bodies 
the 10th and 21ſt Obſervations. Leaf Gold, 
e ſorts of painted Glaſs, the Infuſion of 
im Nephriticum, and ſome other Subſtan- 
« reflect one Colour, and tranſmit another, 
e thin Bodies in the th and 20th Obſerva- 
us. And ſome of thoſe colour'd Powders 
ich Painters uſe, may have their Colours a 
e changed, by being very elaborately and 
ey ground. Where I ſee not what can be 
ly pretended for thoſe changes, beſides the 
aking of their parts into leſs parts by that 
ntrition after the ſame manner that the Co- 
of a thin Plate is changed by varying its 
ickneſs, For which reaſon alſo it is that the 
our'd Flowers of Plants and Vegetables by 
bg bruiſed ufually become more tranſparent 
an before, or at leaſt in ſome degree or o- 


langes of Colours may be effected, of which 


kr change their Colours. Nor is it much leſs. 
ny purpoſe, that by mixing divers Liquors = 
ty odd and remarkable Productions and 


cauſe can be more obvious and rational than 
5 . that 
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the ſaline Corpuſcles of one Liquor do yy 
ouſly act upon or unite with the tinging Co 
puſcles of another, ſo as to make them ſwe 
or ſhrink (whereby not only their bulk but the 
denſit alſo may be changed) or to divide the 
into {maller Corpuſcles, (whereby a colour 


Liquor may become tranſparent) or to mal II 
mary of them aſſociate into one cluſter, wherlif G 
by two tranſparent Liquors may compoſe ac | Kay 
jour'd one. For we fee how apt thoſe fa!“ P 
Menſtruums are to penetrate and diſſolve Sufi” ot 
ſtances to which they are applied, and ſome | the * 
them to percipitate what others diſſolve. ablig 
like manner, if we conſider the various PA ere | 
nomena of the Atmoſphere, we may obſer” the 
that when Vapours are firſt raiſed, they hind mall 
not the tranſparency of the Air, being divide s 
into parts too ſmall to cauſe any Reflexion Me 
their Superficies. But when in order to co mute 
poſe Drops of Rain they begin to, -oalelce al 6s, MI 
conſtitute Globules of all intermediate ſiie er C 
thoſe Globules when they become of a con perle 
nient ſize to reflect ſome Colours and tran! In Bo 
others, may conſtitute Clouds of various U e amt 
tours according to their ſizes. And I ſeen r tl 
what can be rationally conceived in fo tranif Ke 
rent a Subſtance as Water for the product ref] 
of theſe Colours, beſides the various ſizes of = 1 

* Lucile 


fluid and globular Parcels. 
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PRO p. VI. 


nd, are denſer than the Medium, which per- 
dale their luter ſlices, 


| HIS will appear by conſidering, that the 
Colour of a Body depends not only on 
Rays which are incident perpendicularly 
its parts, but on thoſe alſo which are inci- 
at at all other Angles. And that according 
the 7th Obſervation, a very little variation 


in the ambient Medium, inſomuch that ſuch 
mall Particle will at diverſly oblique Inci- 
ces reflect of all ſorts of Colours, in ſo great a 
ety that the Colour reſulting from them all, 
nfutedly reflected from a heap of ſuch Parti- 
es müll rather be a white or grey than any 
her Colo , or at beſt it muſt be but a very 
perfect and dirty Colour. Whereas if the 


e ambient Medium, the Colours according to 
Ie 19th Obſervation are fo little changed by 
variation of obliquity, that the Rays which 


fer the reſt ſo much as to cauſe a heap of ſuch 
aticles to appear very intenſely of their Co- 
1 1 0 * | 5 
t conduces alſo ſomething to the confirma- 


ler thin Body within the rarer, are more 
„„ ͤ  ' 


parte of Bodies on which their Colours de- 


obliquity will change the reflected Colour 
gere the thin Body or ſmall Particle is rarer 


In Body or {mall Particle be much denſer than 


reflected leaſt obliquely may predominate | 


In of this Propoſition, that, according to the 
d Obſervation, the Colours exhibited by the 
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ber 16 ſhews it to be 


loves, if they be pure and intenſe are moſt pf 


rr 


The bigneſs of the component parts of naty 


Glaſs exhibiting any Colour is expreſſed. Th 
if it be deſired to know the diameter of a C 
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brisk than thoſe exhibited by the rarer wit 
the denſer. | nge Al 
ture 
There 
If, but 
is Ord 
Bodies may be confectured by their Colours part! 
Mg | ours, 
OR ſince the parts of theſe Bodies ne of 
Prop. 5. do moſt probably exhibit ters t 
{ame Colours with a Plate of equal thicknꝰ ehaps 
provided they have the fame refractive denſfi&clad 
and ſince their parts ſeem for the moſt part Nen to 
have much the ſame denſity with Water Wire w. 


Glaſs, as by many circumſtances is obvious {Wore d. 


PROF. VII. 


collect; to determine the ſizes of thoſe paſſiſſþcrtic 
yu need only have recourſe to the precedMoitur: 
ables, in which the thickneſs of Water e fam 


| chang 
id the 


puſcle, which being of equal denſity with Hare 
ſhall reflect green of the third Order; the Nu uh 


1 blue 
I 000000 parts of an Inch ond C 


The greateſt difficulty is here to know ird. 
what order the Colour of any Body is. And "at 
this end we muſt have recourſe to the 4th alliſ""s ' 
18th Obſervations, from whence may be cles 
ed theſe particulars. | ads 


Scarlets, and other reds, oranges and pe 
bur o 


bably of the ſecond order. Thoſe of the HH! 


| and third order allo may be pretty good, on Muſcle 
the yellow of the firſt order is faint, and i be, 


oran lang 
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ure of violet and blue. 


\ 


There. may be good greens of the fourth or- 


i order the green of all Vegetables ſeem to 
partly by reaſon of the intenſeneſs of their 
dours, and partly becauſe when they wither 


hers to a more perfect yellow or orange, or 


rela1d intermediate Colours. Which Changes 
em to be effected by the exhaling of the moi- 
re which may leave the tinging Corpuſcles 
dre denſe, and ſomething augmented by the 


viſture. Now the green without doubt is of 
ke fame order with thoſe Colours into which 
changeth , becauſe the Changes are gradual, 


Wit are often too full and lively to be of the 
wurth order. CC . 
Blues and purples may be either of the ſe- 


td. Thus the Colour of violets ſeems to be 
that order, becauſe their Syrup by acid Li- 


lids to diſſolve or attenuate, and of Alcalies 
o precipitate or incraſſate, if the purple Co- 


nge and red of the third order have a great 
u but the pureſt are of the third. And of 


me of them turn to a greeniſh yellow, and 


chaps to red, paſſing firſt through all the a- 


cretion of the oily and earthy part of that 
id thoſe Colours, though uſually not very full, 


ond or third- order, but the beſt are of the 


Wrs turns red, and by urinous and alcalizate 
uns green. For ſince it is of the nature of 


Wir of the Syrup was of the ſecond order, an 
xd Liquor by attenuating its tinging Cor- 
cles would change it to a red of the firſt or- 
&, and an Alcali by incraſſating them would 
unge it to a green of the ſecond order; 
Es which 
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which red and green, eſpecially the green, ſee 

too imperfect to be the Colours produced h 

theſe Changes. But if the ſaid purple be {yp 

Ul poſed of the third order, its Change to red o 

It the ſecond, and green of the third, may with 
| out any inconvenience be allow'd. _ 

If there be found any Body of a deeper and 
leſs reddiſh purple than that of the violets, i 
Colour molt probably is of the ſecond order 
But yet there being no Body commoniy know! 

whoſe Colour 1s conſtantly more deep that 
theirs, I have made uſe of their name to denor 
the deepeſt and leaſt reddiſh purples, {uch 4 
manifeſtly tranſcend their Colour in purity. 

The blue of the firſt order, though very fain 
and little, may poſſibly be the Colour of tom 
Subſtances; and particularly the azure Colo 
of the Skies ſeems to be of this order. For a 

Vapours when they begin to condenſe and cc 
aleſce into {mall parcels, become firſt of th 
bigneſs whereby ſuch an Azure mult be refled 
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6 ed before they can conſtitute Clouds of oth lat r 
0 Colours. And ſo this being the firſt Colony t 
| which Vapours begin to reflect, it ought to er, 
q the Colour of the fineſt and moſt tran{parcſſcordi 
| Skies in which Vapours are not arrived to thWMhoſiti 
| groſſneſs requiſite to reflect other Colours, em 
we find it is by experience. Jos 
Fhiteneſs, if moſt intenſe and luminous, Mixe 
14 that of the firſt order, if leſs ſtrong and lun T 


1 nous a mixture of the Colours of ſeveral al 
. ders. Of this laſt kind is the whiteneſs it 
| Froth, Paper, Linen, and moſt white Suit 
| ſtances; of the former 1 reckon that of Hb 
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en ketals to be. For whilſt the denſeſt of Me- 
, Gold, if foliated, 1s tranſparent, and all Me- 
ui; become tranſparent if diſſolved in Men- 
 ofMruums or vitrified, the opacity of white Me- 
ns ariſeth not from their denſity alone. They 
eng leſs denſe than Gold would be more tranſ- 
ad rent than it, did not ſome other Cauſe con- 
ir with their denſity to make them opake. 
den ud this cauſe I take to be ſuch a bigneſs of 
Weir Particles as fits them to reflect the white 
tha the firſt order. For if they be of other thick- 


ſes they may reflect other Colours, as is ma- 
felt by the Colours which appear upon hot 
eel in tempering it, and ſometimes upon the 


ranch can be made by Plates of tranſparent 


that metallic Subſtances of ſuch a thickneſs as 


olouMnay fit them to reflect the white of the firſt or- 
o er, may, by reaſon of their great denſity (ac- 
arcocording to the tenour of the firſt of theſe Pro- 


volitions) reflect all the Light incident upon 


bare ſmaller, than thoſe of Gold and Copper, 


al gnlgamed with a very little Mercury, become 
els ite; which ſhews both that the Particles of 
"I ite Metals have much more Superficies, and 

whil 


virface of melted Metals in the Skin or Scoria 
rhich ariſes upon them in their cooling. And 
the white of the firſt order is the ſtrongeſt 


dabſtances, ſo it ought to be {ſtronger in the 
denſer Subſtances of Metals than in the rarer 
of Air, Water and Glaſs. Nor do I fee but 


em, and ſo be as opake and ſplendent as it's 
poſfible for any Body to be. Gold, or Copper 
ad with leſs than half their weight of Silver, 

* Tin, or Regulus of Antimony, in fuſion, or 
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them. Now it is ſcarce to be doubted, hu 


ger than is requiſite to make them reflect the 
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ground ſmaller, by rubbing Silver, or Tin, o 


Lines. The firſt and only Colour which whit 
Metals take by grinding their Particles ſmaller 


wet oy et A Ee ST EOS IA 4 


that which borders upon the black Spot in thi 


to 7. Whence it's poſſible that the Particle 
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and alſo that they are ſo opake as not to ſuffer 
the Particles of Gold or Copper to ſhine through 


that the Colours of Gold and Copper are of 
the ſecond or third order, and therefore the 
Particles of white Metals cannot be much big 


white of the firſt order. The volatility of Mer 
cury argues that they are not much bigger 
nor may they be much leſs, leſt they loſe their 
opacity, and become either tranſparent as they 
do when attenuated by vitrification, or by 80 
lution in Menſtruums, or black as they do whe 


Lead, upon other Subſtances to draw black 


is black, and therefore their white ought to be 


center of the Rings of Colours, that is, tht 
white of the firſt order. But if you would 
hence gather the bigneſs of metallic Particles 
7 muſt allow for their denſity. For wer 

Hercury tranſparent, its denſity is ſuch tha 
the Sine of Incidence upon it (Oy my compu 
tation) would be to the Sine of its Refractio 
as 71 to 20, or 7 to 2. And therefore tif 
thickneſs of its Particles, that they may exhidi 
the ſame Colours with thoſe of Bubbles of W. 
ter, ought to be leſs than the thickneſs of ti 
Skin of thoſe Bubbles in the proportion of 


of Mercury may be AS little as the P — 
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feine tranſparent and volatile Fluids, and yet res 


ect che white of the firſt order. 

bull Laſtly, for the production of /ack, the Cor- 
 ofM®iſcles muſt be leſs than any of thoſe which ex- 
the bit Colours. For at all greater ſizes there is 


oo much Light reflected to conſtitute this Co- 
ur. But if they be ſuppoſed a little leſs than 
; requiſite to refle& the white. and very faint 


gerne of the firſt order, they will, according to 
heidi 4th, 8th, 17th and 18th Obſervations, reflect 
he very little Light as to appear intenſly black, 
So nd yet may perhaps variouſly refra& it to and 
he within themſelves ſo long, until it happen 
„ oof be {tifled and loſt, by which means they will 
lackWhorear black in all poſitions of the Eye without 


mtranſparency. And from hence may be under- 


refaction, by dividing the Particles of Subſtan- 


„ turn them to black, why ſmall quantities 

1 black Subſtances impart their Colour very 
ſouqgrely and intenſly to other Subſtances to which 
1cleWMtey are applied; the minute Particles of theſe, 
wer) reaſon of their very great number, eaſily o- 
 thalerſpreading the groſs Particles of others; why 
75 blais ground very elaborately with Sand on a 
ci 


Copper Plate, till it be well poliſh'd, makes 


de Glaſs and Copper, become very black: 


of W:come hot in the Sun's Light and burn, (which 
| ot, ect may proceed partly from the multitude 
rc i Refractions in a little room, and partly from 


clined 


od why Fire, and the more ſubtle diſſolver pu- 


Ie Sand, together with what is worn off from 


hy black Subſtances do ſooneſt of all others 


de eaſy Commotion of ſo very imall Cor- 
puctes;) and why blacks are uſually a little in- 
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Light reflected from black Subſtances. 


blackneſs. In the mean while I ſee nothing ma 


parent Corpuſcles of the ſame thicknels ang 
Jour. And this I would have underſtood n0 
Corpuſcles may be of irregular Figures, an 


and fo have a ſhorter way through them ti 
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clined to a bluiſh Colour. For that they are (Wrath 
may be ſeen by illuminating white Paper bWithil 

Fo tu ons 
Paper will uſually appear of a bluiſh white; ꝗepen 


the reaſon is, that black borders on the obſcu t, 
blue of the firſt order deſcribed in the 18th (bites 
ſervation, and therefore reflects more Rays o hickt 


that Colour than of any other. 
In theſe Deſcriptions I have been the mot Horne 
particular becauſe it is not impoſſible but thaffſuina! 
icroſcopes may at length be improved to ti. 
diſcovery of the Particles of Bodies on wid dio 
their Colours depend, if they are not already" 
in ſome meaſure arrived to that degree of pei n 
fection. For if thoſe Inſtruments are or can HHent 


ſo far improved as with ſufficient diſtinctne 0 ſec 
to repreſent Objects five or {ix hundred time 


bigger than at a Foot diſtance they appear tt 
our naked Eyes, I ſhould hope that we might 
be able to diſcover ſome of the greateſt of thor}, 
Corpuſcles. And by one that would magnif 
three or four thouſand times perhaps they migh 
all be diſcover'd, but thoſe which produc 


terial in this Diſcourſe that may rationally b 
doubted of, excepting this Poſition. That tran 


denſity with a Plate, do exhibit the ſame Co r. 
without ſome Latitude, as well becauſe tho 
many Rays mult be obliquely incident on then 


the length of their Diameters, as becauſe Fs a: 
8 fail 
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itneſs of the Medium pent in on all ſides 


Ire { ; 

r wl thin ſuch Corpuſcles may a little alter its Mo- 
tons or other qualities on which the Reflexion 
A ppends. But yet I cannot much ſuſpect the 
cu tt. becauſe I have obſerved of ſome ſmall 
10% es of Muſcovy Glaſs which were of an even 


iickneſs, that through a Microſcope they have 
peared of the fame Colour at their edges and 
orners Where the included Medium was ter- 


mort i 

- ch: inated, which they appeared of in other pla- 
o the. However it will add much to our Satif- 
phie tion, if thoſe Corpuſcles can be diſcover'd 
read it Microſcopes; which if we fhall at length 
' per attain to, I fear it will be the utmoſt improve 
an rent of this Senſe. For it ſeems impoſſible 
9.0 ſee the more ſecret and noble Works of Na- 


ure within the Corpuſcles by reaſon of their 


ar M ranſparency. 
WWW 
nif Ihe Cauſe of Reflexion is not the impinging of 
5 l Light on the ſolid or impervious parts of Bo- 

* lies, as 15 commonly believe. 

iy THIS will appear by the following Confi- 


1 derations. Firſt, That in the paſſage of 
Light out of Glaſs into Air there is a K 


o rather a little ſtronger, and by many degrees 
0 onger than in its paſſage out of Glafs into Wa- 


a ve more ſtrongly reflecting parts than Water 
15 I Glaſs, But if that ſhoutd pollibn be ſuppo- 
. ed yet it will avail nothing; for the Reflexion 
oy , as ſtrong or ſtronger when the Air is drawn 


aWAy 


Wight out of Glaſs it | eflexion 
strong as in its paſſage out of Air into Glafs, 


er. And it ſeems not probable that Air ſhould 


1 
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away from the Glaſs, (ſuppoſe in the Air- Punt 
invented by Otto Gueric, and improved and made 
uſeful by Mr. Beyle) as when it is adjacent 
to it. Secondly, If Light in its paſſage out gf 
Glaſs into Air be incident more obliquely thy 
at an Angle of 40 or 41 Degrees it is whol 
reflected, if lefs obliquely it is in great mei 
fure tranſmitted. Now it is not to be imagine 
that Light at one degree of obliquity ſhould 
meet with Pores enough in the Air to tranſmij 
the greater part of it, and at another degree o 
obliquity ſhould meer with nothing but part 
to reflect it. wholly, 1 conſidering that 
in its paſſage out of Air into Glaſs, how ob 


lique ſoever be its Incidence, it finds Pores e 
nough in the Glaſs to tranſmit a great part o 


it. If any Man ſuppoſe that it is not refleRec 


by the Air, but by the outmoſt ſuperficial part 


of the Glaſs, there is ſtill the ſame difficulty 
Beſides, that ſuch a Suppoſition is unintelligi 
ble, and will alſo appear to be falſe by applyin 


Water behind ſome part of the Glaſs inſtead d 
Air. For ſo in a convenient obliquity of tit 
Rays, ſuppoſe of 45 or 46 Degrees, at which 


they are all reflected where the Air is adjacen 
to the Glaſs, they ſhall be in great meaſure tran 
mitted where the Water is adjacent to it; whucl 


argues, that their Reflexion or "Tranſmillog} 
depends on the conſtitution of the Air and Wa 
ter behind the Glaſs, and not on the ſtriking c 


the Rays upon the parts of the Glaſs. Third 


ly, If the Colours made by a Priſm placed 
the entrance of a Beam of Light into a darken( 
Room be ſucceſlively caſt on a ſecond Priln 
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uced at a greater diſtance from the former, 
\ ſuch manner that they are all alike incident 
hon it, the ſecond Priſm may be fo inclined to 
ge incident Rays, that thoſe which are of a 
le Colour ſhall be all reflected by it, and yet 
boſe of a red Colour pretty copiouſly tranſmit- 
xd. Now if the Reflexion be cauſed by the 
arts of Air or Glaſs, I would ask, why at the 
me Obliquity of Incidence the blue ſhould 
holly impinge on thoſe parts ſo as to be all 
elected, and yet the red find Pores enough 
be in a great meaſure tranſmitted. Fourth- 
„ Where two Glaſles touch one another, there 
; no ſenſible Reflexion as was declared in the 
t Obſervation ; and yet I ſee no reaſon why 
te Rays ſhould not impinge on the parts of 


He aſs as much when contiguous to other Glaſs 
vari when er to Air. Fifthly, When 
aly WW: top of a Water-Bubble (in the 17th Obſer- 
[lip] ation) by the continual ſubſiding and exha- 
lying” of the Water grew very thin, there was 
ad ch a little and almoſt inſenſible quantity of 
F the ght reflected from it, that it appeared in- 
hic ay black; whereas round about that black 


pot, where the Water was thicker, the Refle- 
trauen was fo ſtrong as to make the Water ſeem 
which white. Nor is it only at the leaſt thick- 
No of thin Plates or Bubbles, that there is no 
unifeſt Reflexion, but at many other thick- 


ing 0 elles continually greater and greater. For in 
Third te 75 th Obſervation the Rays of the ſame Co- 


ced Hur were by turns tranſmitted at one thickneſs, 
rken d reflected at another thickneſs, for an in- 
pri terminate number of Succeſſions. And yet 
place 1 in 


4 
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in the Superficies of the thinned Body, whe 


it is of one thickneſs; there are as my 
parts for the Rays to. impinge on, as where 
1s of any other thickneſs. Sixthly, If Reflexic 
were cauſed. by the Parts of reflecting Bodie 
it would be impoſſible for thin Plates or Bul 


ther, as they do according to the 13th and 1h 


that at one place the Rays which for infant 
exhibit a blue Colour, ſhould have the forty 


on the contrary the blue ſhould hit upon! 
Pores, and the red upon its parts. Laſtly, we 
the Rays of Light reflected by impinging ( 


- Poliſh'd Bodies could not be ſo regular as thi 


bring all its leaſt Particles to an accurate Poli 
ſo that all their Surfaces ſhall be truly plain 
truly ſpherical, and look all the ſame way, 
as together to compoſe one even Surface. I 
ſmaller the Particles of thoſe Subſtances al 
the ſmaller will be the Scratches by which th 
continually fret and wear away the Glaſs un 
it be poliſh'd, bur be they never ſo ſmall th 
can wear away the Glaſs no otherwiſe than 
grating and ſcratching it, and breaking 


* 
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bles at one and the ſame place to reflect t Wy 
Rays of one Colour and tranſmit thoſe of an ns: 


bltar 
es. 
> {olv 


Ray 


Obſervations. For it is not to be imagine 


to daſh upon the parts, and thoſe which ex 


bit a red to hit upon the Pores of the Bod = 
and then at another place, where the Body b 
either a little thicker, or a little thinner, thi 1 


) act 
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Now 
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ncip 


the ſolid parts of Bodies, their Reflexions fro 


are. For in poliſhing Glaſs with Sand, Putty 


Tripoly, it is not to be imagined that the 1000 
Subſtances can by grating and fretting the GH lerv 
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atuberances, and therefore poliſh it no o- 
viſe than by bringing its roughneſs to a ve- 
ne Grain, ſo that the Scratches and Fret- 
s of the Surface become too {mall to be 
ble. And therefore if Light were reflected 
impinging upon the ſolid parts of the Glaſs, 
would be ſcatter'd as much by the moit po- 
yd Glaſs as by the rougheſt. So then it re- 
ins a Problem, how Glaſs poliſh'd by fretting 
bltances can reflect Light ſo regularly as it 
es. And this Problem is ſcarce otherwiſe to 
ſolved than by ſaying, that the Reflexion of 
Ray is effected, not by a ſingle point of the 
lecting Body, but by ſome power of the Bo- 
which is evenly diffuſed all over its Surface, 
by which it acts upon the Ray without im- 
diate Contact. For that the parts of Bodies 
act upon Light at a diſtance ſhall be ſhewn 
TVT e 
Now 1f Light be reflected not by impinging 
the ſolid parts of Bodies, but by ſome other 


mpinge on the ſolid parts of Bodies are nat 
lected but ſtifled and loſt in the Bodies. For 
lerwife we muſt allow two ſorts of Refle- 
ons. Should all the Rays be reflected which 
pinge on the internal parts of clear Water or 
"tal, thoſe Subſtances would rather have a 
budy Colour than a clear Tranſparency. To 
ke Bodies look black, it's neceſſary that ma- 
Rays be ſtopp'd, retained and loſt in them, 
dit ſeems not probable that any Rays can be 
pd and ſtifled in them which do not im- 
ge on their parts. 


nciple ; it's probable that as many of its Rays * 


" And 
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F 
And hence we may underſtand that Bodi 
are much more rare and porous than is con 
monly believed. Water is nineteen times ligh 
er, and by conſequence nineteen times rar 
than Gold, and Gold is ſo rare as very read 
and without the leaſt oppoſition to tranſmit t 
magnetic Effluvia, and eaſily to admit Quic 
ſilver into its Pores, and to let Water y; 
through it. For a concave Sphere of Gold f 
led with Water, and ſoder'd up, has upon pre 
{ing the Sphere with great force, let the Wa 
ſqueeze through it, and ſtand all over its o 
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{ide in multitudes of ſmall Drops, like De me 
without burſting or cracking the Body of t nd 
Gold, as I have been inform'd by an Eye w jth; 
neſs. From all which we may conclude, t e r 
Gold has more Pores than ſolid parts, and fegt 
conſequence that Water has above forty tin co. 
more Pores than Parts. And he that ſhall f boſe 
out an Hypotheſis, by which Water may be} em; 
rare, and yet not be capable of compreſſion 15 
force, may doubtleſs by the fame Hypo n. 
make Gold and Water, and all other Bodie er 
much rarer as he pleaſes, ſo that Light ml... 
find a ready patiage through tranſparent e g 
Hances: = . the 
The Magnet acts upon Iron through all denne 
Bodies not magnetick nor red hot, without: te 
ny diminution of its virtue; as for inſtan = 
through Gold, Silver, Lead, Glaſs, Wa; pa 


The gravitating Power of the Sun is tranſit 
| * 3 W 

0 ted through the vaſt Bodies of the Planets 

"i cut any diminution, ſo as to act upon 1 

* parts to their very centers with the {ame 40 


tes 
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ucle 
Will 
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on which it acts were not ſurrounded with 


| in right Lines; and whenever a Ray of 
wht is by any Obſtacle turned out of its recti- 
ear way, it will never return into the ſame 
linear way, unleſs perhaps by very great ac- 
lent. And yet Light is tranſmitted through 
lucid ſolid Bodies in right Lines to very great 
ances. How Bodies can have a ſufficient 
intity of Pores for producing theſe Effects is 
difficult to conceive, but perhaps not al- 


e from the Magnitudes of the Particles which 


Weonicude to them all; and that theſe Parti- 
s may be compoſed of other Particles much 


ken them as equals all the Magnitudes of 
le ſmaller Particles: And that in like man- 
[theſe ſmaller Particles are again compoſed 


al to all the Pores or empty Spaces between 
cs within them: And if in any groſs Body 


re be, for inſtance, three ſuch degrees of 
cles, the leaſt of which are ſolid ; this Bo- 


{according to the ſame Laws as if the part 
e Body of the Planet. The Rays of Light 


tether they be very ſmall Bodies projected, 
only Motion or Force propagated, are mo- 


ether impoſſible. For the Colours of Bodies 
let them, as was explained above. Now if 
> conceive theſe Particles of Bodies to be ſo 


poled amongſt themſelves, that the Intervals 
empty Spaces between them may be equal in 


ler, which have as much empty Space be- 


ders much ſmaller, all which together are 
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nm; and ſo on perpetually till you come to 
d Particles, ſuch as have no Pores or empty 


Fil have ſeven times more Pores than ſolid 
—ꝛ—ꝛ— '- 1 © 4 


— 


"> 
323 
” 


8 


2 


TL!” 


Parts. But if there be four ſuch degrees 
Particles, the leaſt of which are ſolid, the B 
dy will have fifteen times more. Pores than (q 
Parts. If there be five degrees, the Body y 
have one and thirty times more Pores than {ol 
Parts. If fix degrees, the Body will have fix 
and three times more Pores than ſolid Par 
And ſo on perpetually. And there are oth 
ways of conceiving how Bodies may be excee 
ing porous. But what is really their in; 
Frame is not yet known to us. Bu 


P Kot. IX. 


Bodies reflect and refratt Light by one and | 
ſame power var iouſiy exerciſed in various 
enmſtances. 5 


I Hs appears by ſeveral Conſideratic 
Firſt, Becauſe when Light goes out 
Glaſs into Air, as obliquely as it can poli 
do. If its Incidence be made ſtill more obliq 
it becomes totally reflected. For the power] 
che Glaſs after it has refracted the Light as 
liquely as is poſlible if the Incidence be | 
made more oblique, becomes too ſtrong toj 
any of its Rays go through, and by conlequg 
cauſes total Reflexions. Secondly, bect 
Light is alternately reflected and tranimWhe th 
by thin Plates of Glaſs for many Succeſſion pepe 
cordingly as the thickneſs of the Plate in net 
tes in an arithmetical Progreſſion. For Hf 
the thickneſs of the Glaſs determines whe 
that Power by which Glaſs acts upon E 
all cauſe it to be reflected, or ſuffer it 

HSB 2 l 
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es of tranſparent Bodies which have the great- 
trefracting Power, reflect the greateſt quan- 


i of Light, as was ſhew'd in the firſt Propo- 
iy vi}. 1 85 

n fo _ 

7 7 PR OF, X. 

o Light be feviſter in Bodies than in Vacuo in 


the proportion of the Sines which meaſure the 
Refraction of the Bodies, the Forces of the 
Bodies to reflect and refract Light, are very 
nearly proportional to the denſities of the 
ſame Bodies, excepting that uuctuous and fill. 
phureous Bodies refract more than others of 
this ſame denſity. 8 


ET AB repreſent the refracting plane Sur- 
face of any Body, and I C a Ray incident 


1 ery obliquely upon the Body in C, fo that the 
Nh 3 
obliq — 

"wel A 

t a8 

be 

g to 

equal. . 

*. Angle AC] may be infinitely little, and let C R 
on le the refracted Ray. From a given Point 3 
* perpendicular to the refracting Surface erect BR 


CR repreſent the Motion of the refracted 
Ray, and this Motion be diſtinguiſh'd into two 
Motions CB and BR, whereof Ch is paral- 


aſmitted. And, Thirdly, becauſe thoſe Sur- 


meeting with the refracted Ray CR in R, and 


R 3 lel 
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lel to the refracting Plane, and B R perpend 
cular to it: CB ſhall repreſent the Motion ; 
the incident Ray, and B R the Motion gener; 
ted by the Refraction, as Opticians have of la 
explain'd. | TS 

Now if any Body or thing, in moving throug 
any Space of a given breadth terminated o 
both ſides by two parallel Planes, be urged fo 


ward in all parts of that Space by Forces tend 5 
ing directly forwards towards the laſt Plane, an 
before its Incidence on the firſt Plane, hadi 
Motion towards it, or but an infinitely liter. 
one; and if the Forces in all parts of that Spa ** 
between the Planes be at equal diſtances tro | Mi 
the Planes equal to one another, bur ar ſever; 110 
diſtances be bigger or leſs in any given Propoſi 
tion, the Motion generated by the Forces se 
the whole paſſage of the Body or thing througſ®* 
that Space ſhall be in a ſubduplicate Proportio Rp 
of the Forces, as Mathematicians will eau 
underſtand. And therefore if the Space of ac 
vity of the refracting Superficies of the Bodi Ver 
be conſider'd as ſuch a Space, the Motion q n. 
the Ray generated by the refracting Force ln 
the Body, during its paſſage through that Spacq bun 
that is the Motion B R, mult be in a ſubduply wah 
cate Proportion of that refracting Force. 1 fa Cin 
therefore that the Square of the Line BR, and! 
by conſequence the refracting Force of the 50 din 
dy is very nearly as the denſity of the ſame Bo in 
dy. For this will appear by the following Tay 
ble, wherein the Proportion of the Sines wh 
meaſure the Refractions of ſeveral Bodies, f J 


/ 


Square of BR ſuppoſing CB an unite, the Pen 
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by Aſtronomers. For if Light paſs throyy 
many retracting Subſtances or Mediums gradi 
|! ally denſer and denſer, and terminated wit 
parallel Surfaces, the ſum of all the Refraclion 
will be equal to the ſingle Refraction which! 
would have ſuffer'd in paſſing immediately ou 
of the firſt Medium into the laſt. And this hold 
true, though the number of the refracting Suh 
{tances be increaſed to infinity, and the diltan 
ces from one another as much decreaſed, f 
that the Light may be refracted in every poin 
of its Paſſage, and by continual Refractions be 
into a curve Line. And therefore the whol 
Refraction of Light in paſſing through the At 
moſphere from the higheſt and rareſt part there 
of down to the loweſt and denſeſt part, mul 


aſs 
( 


be equal to the Refraction which it would fuf Renft 
fer in paſling at like obliquity out of a Vacuunr 
immediately into Air of equal denſity with th V 
in the loweſt part of the Atmoſphere. _ Free 
Now although a Pſeudo-Topaz, a Selenitifiod 
Rock Cryſtal, Iſland Cryſtal , Vulgar Gla{Þ it 
(that is, Sand melted together) and Glaſs ic 
Antimony, which are terreſtrial ſtony alcaliza em- 
Concretes, and Air which probably ariſes froOnes. 
ſuch Subſtances by Fermentation, be Subſtangſ >a 
ces very differing from one another in denſity 
yet by this Table, they have their refractiWnc 
Powers almoſt in the ſame proportion to oe 
another as their denſities are, excepting th) d 
the Refraction of that ſtrange Subſtance Iflangiſreat 

' Cryſtal is a little bigger than the reſt. At 
particularly Air, which is 3500 times rarer th bert! 


the Pſeudo-Topaz, and 4400 times rarer A 


[ 249 ] 


als of Antimony, and 2000 times rarer than 


Oup je Selenitis, Glaſs vulgar, or Cryſtal of the 


radu 
Wit 
ction 
ich 
V Ou 


toſe very denſe Subſtances have in reſpect of 


oy 


hold other.. 5 : | 
Sub Again, the Refraction of Camphire, Oil Olive, 
lin need Oil, Spirit of Turpentine and Ambar, 
d, lich are fat ſulphureous unctuous Bodies, and 
poin Diamond, which probably is an unctuous Sub- 
> ben nce coagulated, have their refractive Powers 
who proportion to one another as their denſities 
e AWithout any conſiderable variation. But the 
there eractive Powers of theſe unctuous Subſtances 


re two or three times greater 1n reſpect of their 


mul 
d uff enſities than the refractive Powers of the for- 
ccuuWicr Subſtances in reſpect of theirs. _ 


Water has a refractive Power in a middle de- 
free between thoſe two forts of Subſtances, 
nd probably is of a middle nature. For out 
if it grow all vegetable and animal Subſtances, 
which conſiſt as well of ſulphureous fat and in- 
lamable parts, as of earthy lean and alcalizate 
Mes. 


h tha 


ent! 
laſs 
laſs 0 
alizat 
frog 


Ibſtau Salts and Vitriols have refractive Powers in a 
enſitniddle degree between thoſe of earthy Sub- 
ractiWſlinces and Water, and accordingly are com- 
0 ON Pied of thoſe two forts of Subſtances. For 
g th diſtillation and rectification of their Spirits a 
Iſlam eat part of them goes into Water, and a great 


A 
er tha 
r tha 

Glal 


larth capable of vitrification, 


lock, has notwithſtanding its rarity the ſame 
frtive Power in reſpect of its denſity which 


ers, excepting ſo far as thoſe differ from one 


art remains behind in the form of a dry fix'd 


Opirit 


F 
16 5 
by 
| 
6 
6 
#4 


middle degree between thoſe of Water 2 


volatizing it by the action. For Spirit of Win 


without any burning Spirits, but after fermen 


ſhews, that their Oil 1s by fermentation co 


tional to their denſities, (or very nearly ;) e 
cepting ſo far as they partake more or leis 0 


refractive Power made greater or leſs. Whend 
ſulphureous parts with which they abound. IT 
it's probable that all Bodies abound more or | 
with Sulphurs. And as Light congregated 0 


dies, to turn them into Fire and Flame; {0 
ſince all action is mutual, Sulphurs ought to 4 


2503 


Spirit of Wine has a refractive Power in 


oily Subſtances, and accordingly ſeems to h 
compoſed of both, united by Fermentation 
the Water, by means of ſome ſaline Spirits wit 
which 'tis impregnated, diſſolving the Oil, ani 


is inflamable by means of its oily parts, and be 
ing diſtilled often from Salt of "Tartar, groy 
by every diſtillation more and more aqueo 
and phlegmatick. And Chymiſts obſerve, th 
Vegetables (as Lavender, Rue, Marjoram, Ge. 
diſtilled per /e, before fermentation yield il 


tation yield ardent Spirits without Oils: Whic 
verted into Spirit. They find alſo, that if Oi 
be poured in ſmall quantity upon fermentatin 
Vegetables, they diſtil over after fermentatio 
in the form of Spirits. „„ 
So then, by the foregoing Table, all Bodig 
ſeem to have their refractive Powers prop! 
ſulphureous oily Particles, and thereby have the 


it ſeems rational to attribute the refractive Pon 
er of all Bodies chiefly, if not wholly, to tl 


a Burning-glaſs acts moſt upon ſulphureous 50 


mol 
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Pr O B. . 
Light is propagated from luminous Bodies in 
Lime, and ſpends about ſeven or eight M. 


nutes of an Hour in paſſing from the Syn 1 


the Earth. 


rand then by others, by means of the E. 


clipſes of the Satellites of Jupiter. For theſes 
Eclipſes, when the Earth is between the Sul 
and Jupiter, happen about ſeven or eight M 


nutes ſooner than they ought to do by the. Ti 
bles, and when the Earth is beyond the Su 
they happen about ſeven or eight Minutes late 
than they ought to do; the reaſon being, thi 
the Light of the Satellites has farther to go i 
the latter caſe than in the former by the Dia 
meter of the Earth's Orbit. Some inequalities 
of time may ariſe from the Excentricities of thi 


Orbs of the Satellites; but thoſe cannot anſwe 
in all the Satellites, and at all times to the pd 
ſition and diſtance of the Earth from the Sui 
The mean motions of Jupiter's Satellites is alf 


ſwifter in his deſcent from his Aphelium to! 
Perihelium, than in his aſcent in the other h. 
of his Orb: But this inequality has no reſpe 


to the poſition of the Earth, and in the thrq; 


interior Satellites is inſenſible, as I find by conl 
putation from the Theory of their gravity. | 


Prol 
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PR o p. XII. 
very Ray of Light in its paſſage through any 


refracting Surface is put into a certain tran- 
ſent Conſtitution or State, which in the pro- 
greſs of the Ray returns at equal Intervals, 
| and diſpoſes the Ray at every return to be 
eaſily tranſmitted through the next refratting 
Surface, and between the returns to be eaſily 
reflected by it. 


HIS is manifeſt by the 5th, 9th, 12th, 
and 15th Obſervations. For by thoſe Ob- 
ſeryvations it appears, that one and the ſame 
ſort of Rays at equal Angles of Incidence on a- 
y thin tranſparent Plate, is alternately reflect- 
ed and tranſmitted for many Succeſſions accor- 
dingly as the thickneſs of the Plate increaſes 
in arithmetical Progreſſion of the Numbers, o, 
I, 2, 3, 4, 5, 6, 7, 8, Gc. ſo that if the firſt Re- 
fexion (that which makes the firſt or inner- 
moſt of the Rings of Colours there deſcribed) 

be made at the thickneſs 1, the Rays ſhall be 
tranſmitted at the thickneſſes o, 2, 4, 6, 8, 10, 
12, Sc. and thereby make the central Spot and 
Rings of Light, which appear by tranſmiſſion, 
and be reflected at the thickneſs 1, 3, 5, 7, 9, 
I, Sc. and thereby make the Rings which 
appear by Reflexion. And this alternate Re- 
flexion and Tranſmiſſion, as I gather by the 24th 
Obſervation, continues for above an hundred 
v1ciffitudes, and by the Obſervations in the next 
part of this Book, for many thouſands, being 
propagated from one Surface of a Glaſs Plate ” 

de 


[ 254 | 


the other, though the thickneſs of the Plate h 
a quarter of an Inch or above: So that this a 
ternation ſeems to be . from ever] 
refracting Surface to all diſtances without ene 
or limitation. le, 
This alternate Reflexion and Refraction ge 
pends on both the Surfaces of every thin Plate 
0 it depends on their diſtance. By the 
21ſt Obſervation, if either Surface of a ch. 
Plate of Muſcovy Glaſs be wetted, the Colon 
cauſed by the alternate Reflexion and Refu 
ction grow faint, and therefore it depends « 
them both. 17 2 wh 
It is therefore perform'd at the ſecond Sur 
face; for if it were perform'd at the firſt, be 
fore the Rays arrive at the ſecond, it would 
not depend on the ſeconß aqa. 
Iͤt is alfo influenced by ſome action or diſpol 
ſition, propagated from the firſt to the ſecond; 
becauſe otherwiſe at the ſecond it would not 
depend on the firſt. And this action or diſpo 
fition, in its propagation, intermits and returns 
by equal Intervals, becauſe in all its progrels i 
inclines the Ray at one diſtance from the iirilf 
Surface to be reflected by the ſecond, at ano 
ther to be tranſmitted by it, and that by equal 
Intervals for innumerable viciſſitudes. And beJ 
cauſe the Ray is diſpoſed to Reflexion at tha 
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diſtances 1, 3, 5, 7, 9, Sc. and to Tranſmiſſion ' : hi 
at the diſtances o, 2, 4, 6, 8, 10, Sc. (for itg q vit 
tranſmiſſion through the firſt Surface, is at the 11 : 
diſtance o, and it is tranſmitted through both, n | 
together, if their diſtance be infinitely little or 10 k J 


much leſs than 1) the diſpoſition to be ae 
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«ted at the diſtances 2, 4, 6, 8, 10, &c. is to 
accounted a return of the ſame diſpoſition 
ich the Ray firft had at the diſtance o, that 
it its tranſmiſſion through the firſt refracting 
face. All which is the thing I would prove. 

What kind of action or diſpoſition this is; 
hether it conſiſts in a circulating or a vibra- 
g motion of the Ray, or of the Medium, or 
mething elſe, I do not here enquire. Thoſe 
at are averſe from aſſenting to any new Diſ- 
neries, but ſuch as they can explain by an 


Stones by falling upon Water put the Water 
io an undulating Notion, and all Bodies by 


ns of Light, by impinging on any refracting 
r reflecting Surface, excite vibrations in the 


d by exciting them agitate the ſolid parts of 
le refracting or reflecting Body, and by agita- 
ng them cauſe the Body to grow warm or 
pt; that the vibrations thus excited are pro- 
vated in the refracting or reflecting Medium 
Subſtance, much after the manner that vibra- 


und, and move faſter than the Rays ſo as to 


at part of the vibration which conſpires with 
Motion, it eaſily breaks through a refracting 


= 


iy reflected; and, by conſequence, that e- 
A") Ray is ſucceſſively diſpoſed to be eaſily re- 


= 


p ted, or eaſily tranſmitted, by every vibra- 
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ſpotheſis, may for the preſent ſuppoſe, that 
zrcuſſion excite vibrations in the Air; ſo the 


acting or reflecting Medium or Subſtance, 
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ons are propagated in the Air for cauſing 


nertake them; and that when any Ray is in 


face, but when it is in the contrary part of 
e vibration which impedes its Motion, it is 


tion 
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tion which overtakes it. But whether this E 
otheſis be true or falſe Ido not here conſide 
content my ſelf with the bare Diſcovery, th; 
the Rays of Light are by ſome cauſe or othe 
alternately diſpoſed to be reflected or refrad 


ed for many viciſſitudes. 


Ne 

The returns of the diſpoſition of any Ray 
be reflected I will call its Fits of eaſy R 
flexion, and thoſe of its diſpoſition ty | 
tranſmitted its Fits of eaſy Tranſmiſſio 
and the ſpace it paſſes between every r 
turn and the next return, the Interval 


* 


its Fits. 


PR O p. XIII. 


The reaſon why the Surfaces of all thick tra 
parent Bodies reflect part of the Light in 
dent on them, and refradt the reſt, 1s, th 

'  fome Rays at their Incidence are in Hits 
eaſy Reflexion, and others in Fits of ed 


Tranſmiſſion. 


1 HIS may be gather'd from the 24th Of 
| ſervation, where the Light reflected 
thin Plates of Air and Glaſs, which to the nakg 
Eye appear'd evenly white all over the Pla 
did through a Priſm appear waved with mat 
Succeſſions of Light and Darkneſs made by 
ternate Fits of eaſy Reflexion and eaſy Trag 
miſſion, the Priſm ſevering and diſtinguihhi 
the Waves of which the white reflected L 
was compoſed, as was explain'd above. 
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And hence Light is in Fits of eaſy Reflexion 
id eaſy Tranſmiſſion, before its Incidence on 
znſparent Bodies. And probably it is put in- 
\ ſuch Fits at its firſt emiſſion from luminous 
dies, and continues in them during all its 
wgreſs. For theſe Fits are of a laſting nature, 
will appear by the next part of this Book. 

n this Propoſition I ſuppoſe the tranſparent 
dies to be thick, becaule if the thickneſs of 
e Body be much leſs than the Interval of the 
ts of eaſy Reflexion and Tranſmiſſion of the 
ys, the Body loſeth its reflecting power. For 
the Rays, which at their entering into the 
dy are put into Fits of eaſy Tranſmiſſion, ar- 
e at the fartheſt Surface of the Body before 
ey be out of thoſe Fits they mult be tranſmit- 
d. And this is the reaſon why Bubbles of 
ater loſe their reflecting power when they 
ow very thin, and why all opake Bodies when 
duced into very ſmall parts become tranſpa- 
V 


Proe. XIV. 


We Surfaces of tranſparent Bodies, which if 
the Ray be in a Fit of Refraction do refratt 
it moſt ſtrongly, if the Ray be in a Fit of Re- 
fexzon do reflect it mot eaſily. 5 


OR we ſhewed above in Prop. 8. that the 
cauſe of Reflexion is not the impinging of 
ut on the ſolid impervious parts of Bodies, 
L ſome other Power by which thoſe ſolid 
ts act on Light at a diſtance. We ſhewed 
din Prop. 9. that Bodies reflect and refract 

| . Light 
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Light by one and the fame Power variouſly ei 


erciſed in various circumſtances, and in Prop 
that the moſt ſtrongly refracting Surfaces refld 


the moſt Light: All which compared togeihM 2/5 

evince and ratify both this and the laſt Prop me 

_ ſition. Fits 

are - 

PRO. XV. Cube 

In any one and the ſame ſort of Rays emer rg 
in any Angle out of any refracting Surface WM > 

t ove nd the ſame Medium, the Interval 11 V 

the following Fits of eaſy Reflexion and Tra of 7 / 

miſſion are either accurately or very near a g 7 


as the Rectangle of the Secant of the Angle 


Refrattion, and of the Secant of another M, 
gle, whoſe Sine is the firſt of 106 arithmeti "1 
mean Proportionals, between the Simes of © 
cidence and Nefraction counted from the Sh 
of Refrattion. . * 
HIS is manifeſt by the 7th and 19th Yve. 
ſervations. = of £ 
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Proe. XVI. 


ſs ſeveral ſorts of Rays emerging FL equal An- 
gles out of any refratting Surface into the 
ſame Medium, the Intervals of the following 
Fits of eaſy Reflexion and eaſy Tranſmiſſion 
are either accurately, or very nearly, as the 
Cube-Roots of the Squares of the lengths of a 
Chord, which ſound the Notes of an Eight, 
fol, la, fa, fol, la, mi, fa, fol, with all their 
intermediate degrees anſwering to the Colours 
of thoſe Rays, according to the Analog y de- 
ſeribed in the ſeventh Experiment of the ſe- 
cond Part of the firff Book. 


fer vations. 


Pros X VII. 


7 Revs of any fort paſs perpendicularly into 
ſeveral Mediums, the Intervals of the Fits 
of eaſy Refrafion and Tranſmiſſion in any one 
Medium, are to thoſe Intervals in any other 
as the Sine of Incidence to the Sine of Nie- 


thoſe two Mediums into the Second. 


This is manifeſt by the xcth Obſervation. 


"HIS 1 is manifeſt by the 1 ws and LA Ob- 


ton, when the Rays paſs out of the 2 of 
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PRO r. XVIII. 


If the Rays which paint the Colour in the Con 
fine of yellow and orange paſs perpendicular] 
out of any Medium into Air, the Intervals if 


their Fits of eaſy Reflexion are the — || 


| | 09000 
part of an Inch. And of the ſame length ard 
the Intervals of their Fits of eaſy Tranmiſ 


fon. 


HIS is manifeſt by the 6th Obſervation. | 
From theſe Propoſitions it is eaſy to col 
| leet the Intervals of the Fits of eaſy Reflexio 
and eaſy Tranſmiſſion of any fort of Rays re 
fracted in any Angle into any Medium, and 
thence to know, whether the Revs {hall be re 
flected or tranſmitted at their ſubſequent Inci 
dence upon any other pellucid Medium. Whic 
thing being uſeful for underſtanding, the nex 
part of this Book was here to be ſet down. And 
for the ſame reaſon I add the two following 
Propoſitions. f | 
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„ PRO. XIX. 

any fort of Rays falling on the polite Sur- 
face of any pellucid Medium be reflected back, 
the Fits of eaſy Reflexion which they have at 
the point of Reflexion, ſhall ſtill continue to 
return, and the returns ſhall be at diſtances 
from the point of Reflexion in the arithmeti- 
cal progreſſion f the Numbers 2, 4, 6, 8, Io, 
1, &c. and between theſe Fits the Rays ſhall 
be in Fits of eaſy Tranſmiſſion. 


FF 


OR ſince the Fits of eaſy Reflexion and 
eaſy Tranſmiſſion are of a returning na- 
re, there is no reaſon why theſe Fits, which 
mntinued till the Ray arrived at the reflecting 
ledlum, and there inclined the Ray to Retle- 
on, ſhould there ceaſe. And if the Ray at 
e point of Reflexion was in a Fit of eaſy Re- 
ion, the progreſſion of the diſtances of theſe 
ts from that point mult begin from o, and ſo 
e of the Numbers o, 2, 4, 6, 8, Sc. And 
erefore the progreſſion of the diſtances of the 
termediate Fits of eaſy Tranſmiſſion reckon'd 
om the ſame point, muſt be in the progreſſion 
| the odd Numbers 1, 3, 5, 7, 9, Ge. contra- 
o what happens when the fits are propaga- 
from points of Refraction. 1 
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PR O Pp. XX. 


The Intervals of the Fits of eaſy Riflexinn 95 
eaſy Tranſmiſſion, propagated from points 
Reflexion into any Medium, are equal 10 . 
Intervals of the like Fits which tho ſn 
Rays would have, if refracted into the ſun 
Medium in Angles of 0 equal t0 thei 
Angles of Reflexion. | 


OR when Light 1 is reflected by the {econ 
Surface of thin Plates, it goes out aftel 
4 freely at the firſt Surface to make ift 
| Rings of Colours which appear by Ret]eRio] 
and by the freedom of its egreſs, . int 
Colours of theſe Rings more vivid and {trol 
than thoſe which appear on the other {ide q 
| the Plates by the tranſmitted Light. The rf 
| flected Rays are therefore in Firs of eaſy Tran 
miſſion at their egreſs; which would not aliwal | 
happen if the Intervals of the Fits within 1 
Plate after Reflexion were not equal both 
length and number to their Intervals before 
1 And this confirms alſo the Proportions ſet do! 1 
3 in the former Propoſition. For if the K 
both in going in and out at the firſt Surface i 
in Fits of eaſy Tranſmifſion, and the Interv 
and Numbers of thoſe Fits between the fi. 

2 and ſecond Surface, before and after Reflexiolf 
be equal; the diſtances of the Fits of cal 
Tranſmiſlion from either Surface, muſt be Mf 
the {ame progreſſion after Retlexion as befor 
that is, from the firſt Surface which tran: "mil 
ted them, in the progreſſion of the even " 
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rs o, 2, 4, 6, 8, Sc. and from the ſecond 
ich reflected them, in that of the odd Num- 
is 1, 3, 5» 7, Sc. But theſe two Propo- 
ons will become much more evident by the 
- in the following part of this 
900K. 5 


— - 
PPP — 


OPTI 


SEAL "vo Nich 
G . anc 
om ! 
am 
ade 
3 * OW 
NN * ** N N * N K *. N N N W . . . . 2. K. . . 2. & 2. K 2. . 2. E le: 
By PART IV. ce! 
l . . . 2 . | 
d K IL . . . 2. 1 . . . 2. . l. & . . . . 2. K. x. . 5 . K 2. . * 
ing 
Dok 
mpa 
iter 
ger 
at t 
nes, 


Dear 
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| 25 n and Ci 
Obſervations concerning the Reflexions a 


lours of thick tranſparent poliſpd Plates. 


a | lum ho! 
HERE is no Glaſs or Speculu | 
A — 8 poliſh'd, but, e e , 
6 Light which it refracts Or re E Flat 
Es gularly, ſcatters every way he polith 
a faint Light, by means of 1 5 room by: 
Surface, when illuminated in a dai bea 


265 
em of the Sun's Light, may be eaſily feen in 
poſitions of the Eye. There are certain 
hzxnomena of this ſcatter'd Light, which when 
rt obſerved them, ſeem'd very ſtrange and 
wpriſing to me. My Obſervations were as fol- 
S. | 

0% x. The Sun ſhining into my darken'd 
hamber through a hole one third of an Inch 
ide, I let the intromitted beam of Light fall 
erpendicularly upon a Glaſs Speculum ground 
mcave on one ſide and convex on the other, 
14 Sphere of five Feet and eleven Inches Ra- 
us, and quick-ſilver'd over on the convex 
de. And holding a white opake Chart, or a 
ure of Paper at the center of the Spheres to 
ich the Speculum was ground, that is, at the 


om the Speculum, in ſuch manner, that the 
am of Light might paſs through a little hole 
ade in the middle of the Chart to the Specu- 


le: J obſerved upon the Chart four or five 
ncentric Iriſes or Rings of Colours, like Rain- 
Ws, encompaſſing the hole much after the 
mer that thoſe, which in the fourth and fol- 
ing Obſervations of the firſt part of this third 


mpaſſed the black Spot, but yet larger and 


n hover than thoſe. Theſe Rings as they grew 


es thi 


Cts reWt the fifth was ſcarce viſible. Vet ſome- 


gular!\Wes, when the Sun ſhone very clear, there 

5ol1ſhWear'd faint Lineaments of a ſixth and ſe- 

ele th, If the diſtance of the Chart fram the 
zeal 5 


ſtance of about five Feet and eleven Inches 


n, and thence be reflected back to the ſame 


Wk appear'd between the Object. glaſſes, en- 


ger and larger became diluter and fainter, ſo 


Spe C 4 
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Speculum was much greater or much leſs th; 
that of ſix Feet, the Rings became dilute an 
vaniſh'd. And if the diſtance of the Speculut 
from the Window was much greater than th 
of ſix Feet, the reflected beam of Light woll 
be ſo broad at the diſtance of ſix Feet from t 
Speculum where the Rings appear'd, as to 0 
ſcure one or two of the innermoſt Rings. An 
therefore I uſually placed the Speculum at | 
bout fx Feet from the Window; fo that | 
Focus might there fall in with the center of i 
concavity at the Rings upon the Chart. An 
this Poſture 1s always to be underitood in ti 
following Obſervations where no other is « 
preſs d. : | 
06% 2. The Colours of theſe Rain- boy 
ſucceeded one another from the center ou 
wards, in the ſame form and order with tho 0 
which were made in the ninth Obſervation 
the firſt Part of this Book by Light not reilet 
ed, but tranſmitted through the two Objet 
glaſſes. For, firſt, there was in their commn; 
center a white round Spot of faint Light, fon e: 
thing broader than the reflected bearfi of ly Io : 
which beam ſometimes fell upon the middle! 
the Spot, and ſometimes by a little Inclinati 
of the Speculum receded from the middle, at 
left the Spot white to the center. 0 

This white Spot was immediately encomp 
ſed with a dark grey or ruſſet, and that dark g 
with the Colours of the firſt Iris; which Colo 
on the inſide next the dark grey were a lit 
violet and indigo, and next to that a blue, wil 


on the outſide grew pale, and then ſncceend ett 


third 
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th Ittle greeniſh yellow, and after that a brighter 
- Al Bo and then-on the outward edge of the 
1 by a red which on the outſide inclined to pur- 
| Ll 


le. 
"This Iris was immediately encompaſſed with 
ſecond, whole Colours were in order from the 


o nde outwards, pu: ple, blue, green, yellow, 
A odr red, a red mix'd with purple. 
wn "Then immediately follow'd the Colours of the 


third Iris, which were in order outwards a green 

nclining to purple, a good green, and a red 

nore bright than that of the former Iris. 
The fourth and fifth Iris ſeem'd of a bluiſh 
green within, and red without, but fo faintly 
hat it was difficult to diſcern the Colours. 

Ob[c. 3. e the Diameters of theſe 
Rings upon the Chart as accurately as I could, 

found them allo in the ſame proportion to 


Af ome another with the Rings made by Light 
0 0 anſmitted through the two Object-glaſſes. For 
. le Diameters of the four firſt of the bright 
(ont lings meafured between the brighteſt parts of 
Lia eir Orbits, at the dittance of ſix Feet from the 
Ide Leculum were 1-2, 2, 2, 33" Inches, whoſe 
ma ares are in arithmetical progreſſion of the 
e. umbers 1, 2, 3, 4: A the white circular Spot 
© Wn the middle be reckon'd amongſt the Rings, 
amp ad its central Light, where it ſeems to be moſt 
k off Panos, be put equipollent to an infinitely 
50 ile Ring; the Squares of the Diameters of the 
a lit Kings will be in the progreſſion o, I, 2, 3, 4, 
wii c. I meaſured alſo the Diameters of the dark 
edel Circles between theſe luminous ones, and found 


lueir Squares in the progreſſion of the _ 
555 
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theMWihe Speculum was illuminated with red, the 


Rings were totally red with dark Intervals, if 
with blue they were totally blue, and ſo of the 
other Colours. And when they were illumi- 
mated with any one Colour, the Squares of their 
Diameters meaſured between their moſt lumi- 
nous parts, were 1n the arithmetical progreſſion 


of the Diameters of their dark Intervals in the 
rogreſſion of the intermediate numbers +, 14, 
35. But if the Colour was varied they va- 


veſt, in the indigo and violet leaſt, and in the 
ntermediate Colours yellow, green and blue, 
they were of ſeveral intermediate bigneſſes an- 
ſmering to the Colour, that is, greater in yel- 
bw than in green, and greater in green than in 
due. And hence I knew that when the Spe- 


oulded and yellow on the outſide of the Rings were 
ealily{Wproduced by the leaſt refrangible Rays, and the 
time ue and violet by the moſt refrangible, and that 
_1ohtMite Colours of each Ring ſpread into the Co- 
hat 


lours of the neighbouring Rings on either fide, 
ater the manner explain'd in the firſt and ſe- 


1 calne another ſo that they could not be diſtin- 
pect]Wuln'd, unleſs near the center where they were 
K PayWeelt mix'd. For in this Obſervation I could 
to lege the Rings more diſtinctly, and to a greater 

o theßzumber than before, being able in the yellow 
ed Ueht to number eight or nine of them, be- 


Her how much the Colours of the ſeveral Rings 


of the numbers o, 1, 2, 3, 4, and the Squares 


ned their magnitude. In the red they were lar= 


culum was illuminated with white Light, the 


end Part of this Book, and by mixing diluted 


Ides a faint ſhadow of a tenth. To ſatisfy my 


2 ſpread - 
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ſpread into one another, I meaſured the Dia 
meters of the ſecond and third Rings, and found 
them when made by the Contine of the red and 
orange to be to the fame Diameters when made 
by the Confine of blue and indigo, as 9 io 8 
or thereabouts. For it was hard to determine 
this Proportion accurately. Alſo the Circle 
made ſucceſlively by the red, yellow and green 
differ'd more from one another than thoſe madd 
ſucceſſively by the green, blue and indigo. Fof 
the Circle made by the violet was too dark tq 
be ſeen. To carry on the computation. let ug 
therefore ſuppoſe that the differences of thg 


or 4S I. 
will be 
bduc 
Diame 


molt re 


Name 
(0 01= 
(0 168 
propor 
tion O. 
the ou 
Obſer\ 


Diameters of the Circles made by the utmo 0% 
red, the Confine of red and orange, the Contin@xpear 
of orange and yellow, the Contine of yelloWWorer v 
and green, the Confine of green and blue, thMblue ;) 
Confine of blue and indigo, the Confine of inte fir 
digo and violet, and outmoſt violet, are in pr te Ot 
33 as the differences of the lengths of but m 
 Monochord which ſound the Tones in an Eight they v 
ſol, la, fa, ſol, la, mi, fa, ſol, that is, as ti ſtions 
numbers 3, r, 2, =, , 5 4%. And if thMnovec 
Diameter of the Circle made by the Contine off vere f 
red and orange be 9 A, and that of the CircilF thoſe ' 
made by the Confine of blue and indigo be © WI the ce: 
as above, their difference 9 A—— 8 A will ds, 5 þ 
to the difference of the Diameters.of the Ci hm) 
cles made by the outmoſt red, and by the Cong vith | 
fine of red and orange, as + + r + T= bole i 
2, that is as g to -, or 8 to 3, and to the dill my E, 
rence of the Circles made by the outmoſt viq; pea; 
let, and by the Confine of blue and indigo, the 


re + 35 + 75 + 400 7 A 355 that is, as 2 101 


7 
"A 


[ 271 |] 

ras 16 to 5. And therefore theſe differences 

vill be + A and -+ A. Add the firſt to 9 A and 
ubduct the laſt from 8 A, and you will have the 

Diameters of the Circles made by the leaſt and 


noſt refrangible Rays 8 A and = 1 


Diameters are therefore to one another as 75 
0 615 Or 5 to 41, and their Squares as 2500 


o 1681, that is, as 3 to 2 very nearly. Which 
A poportion differs not much from the propor- 
ion of the Diameters of the Circles made by 
ute outmoſt red and outmoſt violet in the 13th 
Ml 0bſcrvation of the firſt Part of this Book. 
8 0#/. 6. Placing my Eye where theſe Rings 
a ppear'd plaineſt, I jaw the Speculum tinged all 
Wl over with Waves of Colours (red, yellow, green, 
bY blue ;) like thoſe which in the Obſervations of 
ing the firſt Part of this Book appeared between 
ol the Object glaſſes and upon Bubbles of Water, 
but much larger. And after the manner of thoſe, 
nl they were of various Magnitudes in various Po- 
tne tions of the Eye, ſwelling and ſhrinking as I 


noved my Eye this way and that way. They 
vere formed like Arcs of concentrick Circles as 
thoſe were, and when my Eye was over againſt 


de center of the concavity of the Speculum (that 
bi b, 5 Feet and 10 Inches diſtant from the Specu- 
in um) their common center was in a right Line 
omg 


with that center of concavity, and with the 
hole in the Window. But in other poſtures of 
my Eye their center had other poſitions. They 
appear d by the Light of the Clouds propagated 
to the Speculum through the hole in the M in- 
dow, and when the Sun ſhone through that 
hole upon the Speculum, his Light upon it 

. was 


—_—— — — * P e de ne an et OS 


EN 
was of the Colour of the Ring whereon it fel 
but by its ſplendor obſcured the Rings made 
the Light of the Clouds, unleſs when the Spe 
culum was removed to a great diſtance fro 
the Window, ſo that his Light upon it migh 
be broad and faint. By varying the poſition of 
my Eye, and moving it nearer to or farthe 


ears 1 
yrough 
hence 
hom O! 
don t 
mereo: 
hickne. 


from the direct beam of the Sun's Light, the in th 
Colour of the Sun's reflected Light conſtanti ut of 
varied upon the Speculum, as it did upon mi Clas 
Eye, the fame Colour always appearing to WM00ur 
By. ſtander upon my Eye which to me appear of © 
upon the Speculum. And thence I knew that fanot] 
the Rings of Colours upon the Chart were mad" mo 
by theſe reflected Colours propagated thitherſ" O 
from the Speculum in ſeveral Angles, and thai" of: 
their production depended not upon the ter als aß 
mination of Light and Shadow. _ uoated 
Os. 7. By the Analogy of all theſe Phæno unted 

+ tmena with thoſe of the like Rings of Colour aon 
Aeſcribed in the firſt Part of this Book, it ſeem Il 
ed to me that theſe Colours were produced b at the 
this thick Plate of Glaſs, much after the manneſ ted 
that thoſe were produced by very thin Plates umi 
For, upon tryal, I found that if the Quick-ſilWwvimi! 
ver were rubb'd off from the backſide of the tted 
Speculum, the Glaſs alone would caule the aon 
ſame Rings of Colours, but much more fain le Spe 
than before; and therefore the Phenomenong ours 
depends not upon the Quick-filver, unleſs fo far bliqui 
as the Quick-filver by increaſing the Reflexion lart , 
of the backſide of the Glaſs increaſes the LightW- le 
of the Rings of Colours. I found alſo that 4 the 


Speculum of Metal without Glaſs made fomeJÞ"*< r. 


Years 
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nMWicars fince for optical uſes, and very well 


hence I underſtood that theſe Rings ariſe not 


don the two Surfaces of the Plate of Glaſs 
thereof the Speculum was made, and upon the 
Mckneſs of the Glaſs between them. For 


Win the 7th and 19th Obſervations of the firſt 
of this Book a thin Plate of Air, Water, 
Clas of an even thickneſs appeared of one 


olour when the Rays were perpendicular to, 
, of another when they were a little oblique; 
fanother when more oblique, of another when 


ut of the Glaſs in ſeveral Obliquities, made the 
aſs appear of ſeveral Colours, and being pro- 
ated in thoſe Obliquities to the Chart, there 
anted Rings of thoſe Colours. And as the 
alon why a thin Plate appeared of ſeveral Co- 
urs in ſeveral Obliquities of the Rays, was, 


ted by the thin Plate at one obliquity and 


unſmitted where theſe are reflected, and re- 
ktted where theſe are tranſmitted: So the 


e dpeculum was made did appear of various 
Tolours in various Obliquities, and in thoſe 
bliquities propagated thoſe Colours to the 


me fort did at one Obliquity emerge out 
the Glaſs, at another did not emerge but 
neFW'*re reflected back towards the Quick-filver 
no | 1 „55 


— — — — — — — * 


Wrought, produced none of thoſe Rings; and 


rom one ſpecular Surface alone, but depend 


ill more oblique, and ſo on; ſo here, in the 
uh Obſervation, the Light which emerged 


tat the Rays of one and the ſame ſort are re- 


anſmitted at another, and thoſe of other ſorts 


alon why the thick Plate of Glaſs whereof 


hart, was, that the Rays of one and the 
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nitted to the Chart or reflected back to the 

Quick-filver, accordingly as they are 1n their 
Firs of eaſy Reflexion or "Tranſmiſſion when 
hey arrive at that Surface. For the Intervals 
of the Fits of the Rays which fall perpendicu- 
ly on the Speculum, and are reflected back 
n the ſame perpendicular Lines, by reaſon of 
he equality of theſe Angles and Lines, are of 
the fame length and number within the Glaſs 
ter Reflexion as before by the 19th Propoſi- 
tion of the third Part of this Book. And there- 
fore ſince all the Rays that enter through the 
frit Surface are in their Fits of eaſy Tranſmiſ- 
fon at their entrance, and as many of theſe as 
xe reflected by the ſecond are in their Fits of 
aly Reflexion there, all theſe mult be again in 
heir Fits of eaſy Tranſmiſſion at their return 
o the firſt, and by conſequence there go out 
f the Glaſs to the Chart, and form upon it the 
hite Spot of Light in the center of the Rings. 
For the reaſon holds good 1n all forts of Rays, 
nd therefore all forts muſt go out promiſcu- 
ſly to that Spot, and by their mixture cauic 
to be white. But the Intervals of the Fits of 


ole Rays which are reflected more obliquely 
alt Wn they enter, mult be greater after Reflexion 
Ran before by the 15th and 20th Propoſitions. 
pad thence it may happen that the Rays at their 
urn to the firſt Surface, may in certain Ob- 
y aities be in Fits of eaſy Reflexion, and return 


ck to the Quick-ſilver, and in other interme- 
late Obliquities be again in Fits of caſy 3rant- 
lion, and ſo go out to the Chart, and paint 
u it the Rings of Colours about the white Spot. 

1 21 And 


L 29] 
And becauſe the Intervals of the Fits at qu et, a 
Obliquities are greater and fewer in the leſs icht e 
frangible Rays, and leſs and more numerous in 
10 in the more refrangible, therefore the leſs e Sin 
frangible at equal Obliquities ſhall make fee 
i, Rings than the more refrangible, and the Rind 
1 made by thoſe ſhall be larger than the lik 
number of Rings made by theſe; that is, th 

red Rings ſhall be larger than the yellow, th 
yellow than the green, the green than the blut 

and the blue than the violet, as they were rea 

iy found to be in the fifth Obſervation. An 

| therefore the firſt Ring of all Colours enco 
1 paſling the white Spot of Light {hall be re 
|; without any violet within, and yellow an 
j green and blue in the middle, as it was four 
in the ſecond Obleryation ; and theſe Colou 

in the ſecond Ring, and thoſe that follow {ha 

be more expanded till they ſpread into one { 
nother, and blend one another by interfering 
Theſe ſeem to be the Reaſons of theſe Rin! 

in general; and this put me upon oblervingti 

thickneſs of the Glaſs, and conſidering whethd 
the Dimenſions and Proportions of the King 

may be truly derived from it by computation 
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Ob, 8. I meaſured therefore the thickneſ M,! 

this concavo-convex Plate of Glaſs, and found ant 

every where < of an Inch preciſely. Now, Me of 

the ſixth Obſervation of the firſt Part of th Id ſix 

1 Book, a thin Plate of Air tranſmits the bright Incic 
i Light of the firſt Ring, that is the bright 9e + 
| low, when its thickneſs is the —=th part of ompaſ] 


Inch, and by the tenth Obſervation of the 15 10 Air 


— —— — ̃᷑ eo ß — — — — 


27 
put, a thin Plate of Glaſs tranſmits the ſame 
Wight of the ſame Ring when its thickneſs is 


in proportion of the Sine of Refraction to 
de Sine of Incidence, that is, when its thick- 


11 
> is the 1 th or 5th part of an Inch, 


WMipoſing the Sines are as 11 to 17. And if this 
ncknefſs be doubled it tranſmits the ſame bright 
ght of the Second Ring, if tripled it tranſ- 
ts that of the third, and fo on, the bright 


ff Tranſmillion. And therefore if its thickneſs 


n Inch it tranſmits the ſame bright Light ot 
ie 34306th Ring. Suppoſe this be the bright 
BY Light tranſmitted perpendicularly from 
ke re lecting convex ſide of the Glaſs through 
te concave fide to the white Spot in the cen- 
er of the Rings of Colours on the Chart: And 
va Rule in the 7th and 19th Obſervations in 


11 ie firſt Part of this Book, and by the 15th and 
rt = Propoſitions of the third Part of this Book, 


me bright Light of the fame Ring in any Ob- 
quity is to this thickneſs of & of an Inch, as the 
fant of a certain Angle to the Radius, the 
Ine of which Angle is the fir{t of an hundred 
Id fix arithmetical Means between the Sines 


"hit | Incidence and Refraction, counted from the 
* Ye ne of Incidence when the Refraction is made 


It of any plated Body into any Medium en- 
Fang it, that is, in this caſe, out of Glaſs 
Ito Air, Now if the thickneſs of the Glaſs be 
oy 1 increaſed 


low Light in all theſe caſes being in its Fits 


e multiplied 34366 times fo as to become + of 


the Rays be made oblique to the Glaſs, the 
ickneſs of the Glaſs requiſite to tranſmit the 
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increaſed by degrees, fo as to bear to its fir} 
thickneſs, /ozz. that of a quarter of an Inch 
the Proportions which 34386 (the number « 
Fits of the perpendicular Rays in going through 
the Glaſs towards the white Spot in the cente 
of the Rings,) hath to 34385, 34384, 34383 ane 


o of 
34382, 
nels ir 
Jin the 
the br 
merge 


34382 the numbers of the Fits of the obliquMand th 
Rays in going through the Glaſs towards thing 
firſt, ſecond, third and fourth Rings of CoWreſpec 
lours) and if the firſt thickneſs be divided inMdion t 
to 100000000 equal parts, the increated thickWred fre 
neſſes will be 100002909, 100005516, 10000072 eint! 
and 100011633, and the Angles of which the ef Lig 
thicknelles are ſecants will be 260 13”, 37' ;"MM:;386t 
45” 6” and 52” 26%, the Radius being 100000000MRings 
and the Sines of theſe Angles are 762, 1079nade 
1321 and 1525, and the proportional Sines Mud b. 
Refraction 1172, 1659, 2031 and 2345, the Ne di 
dius being 100000. For ſince the Sines of in{{eiiote 
cidence out of Glaſs into Air are to the SineWkadiu 
of Refraction as 11 to 17, and to the aboveWdouble 
mentioned Secants as I1 to the firſt of 106 arith{Wuiltanc 
metical Means between 11 and 17, that is, ot the 
11 to II — thoſe Secants will be to the din 7 
— e 2 
of Refraction as 11 g to 17, and by this An One 
logy will give theſe Sines. So then if the Oloren 
liquities of the Rays to the concave Surface Mus. 
the Glaſs be ſuch that the Sines of their Retrlow P 
ction in paſſing out of the Glaſs through thMrery ( 
Surface into the Air be 1172, 1659, 2031, 23% Obſer 
the bright Light of the 34386th Ring ſhall M, 2 
merge at the thickneſſes of the Glaſs which a Theo 


5 0 
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os of an Inch as 34386 to 34385, 34384, 34383, 
14382, reſpectively. And therefore if the thick- 
gels in all theſe caſes be ; of an Inch (as it is 
tin the Glaſs of which the Speculum was made) 
the bright Light of the 34385th Ring ſhall e- 
nerge where the Sine of Refraction is 1172, 
ind that of the 34394th, 34383th and 34382th 
Ring where the Sine is 1659, 2031, and 2345 
reſpectively. And in theſe Angles of Refra- 
tion the Light of theſe Rings ſhall be propaga- 
ted from the Speculum to the Chart, and there 
raint Rings about the white central round Spot 
of Light, which we ſaid was the Light of the 
14386th Ring. And the Semidiameters of theſe 
Rings ſhall ſubtend the Angles of Refraction 
made at the concave Surface of the Speculum, 
nd by conſequence their Diameters ſhall be to 
the diſtance of the Chart from the Speculum as 
thoſe Sines of Refraction doubled are to the 
Radius, that is, as 1172, 1659, 2031, and 2345, 
doubled are to 100000. And therefore if the 
ditance of the Chart from the concave Surface 
of the Speculum be fix Feet (as it was in the 
third of theſe Oblervations) the Diameters of 
the Rings of this bright yellow Light upon the 
Chart ſhall be 1'688, 2'389, 2'925, 3'375 Inches. 
for theſe Diameters are to ſix Feet, as the a- 
boremention'd Sines doubled are to the Ra- 
e dis. Now theſe Diameters of the bright yel- 
oy Rings, thus found by computation are the 
iery ſame with thoſe found in the third of theſe 
34M Obſervations by meaſuring them, vis. with 
all Mr, 24, 222, and 33 Inches, and therefore the 
Theory of deriving thele Rings from the thick- 
85 . 1 4 „ 
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neſs of the Plate of Glaſs of which the Specy. 
lum was made, and from the Obliquity of the 
emerging Rays agrees with the Obſervation. H 0%¼ 
this computation I have equalled the DiametergMthickne 
of the bright Rings made by Light of all CoM equ⸗ 
lours, to the Diameters of the Rings made cf ſucl 
the bright yellow. For this yellow makes the ground 
brighteſt part of the Rings of all Colours. 1Mhrocal! 
you deſire the Diameters of the Rings made hyhickn' 
the Light of any other unmix'd Colour, you may{MWropot 
find them readily by putting them to the Di mnoun 
meters of the bright yellow ones in a {ubdupli-Mllke t 
cate proportion of the Intervals of the Fits un the 
the Rays of thoſe Colours when equally inclinedMhre at 
to the refracting or reflecting Surface whichMerounc 
cauſed thoſe Fits, that is by putting the Piame e fo! 
ters of the Rings made by the Rays in the En Inc 
tremities and Limits of the feven Colours, red Wright 
orange, yellow, green, blue indigo, violet, proJarts © 
portional to the Cube-roots of the Numbers, Mom 
5, „ „ „ „ , 4, Which expreſs the lengths oe th 
a Monochord ſounding the Notes in an Eight uch u 
For by this means the Diameters of the Ring lat is 
of theſe Colours will be found pretty nearly ind th 
the fame proportion to one another, which}Woooo, 
they ought to have by the fifth of theſe OblerWOleſe ! 
vations: by” 6 ne br; 
And thus I fatisfy'd my ſelf that theſe Ringe thi 
vere of the ſame kind and original with those far 
of thin Plates, and by conſequence that the Fit ervati 
bor alternate Diſpoſitions of the Rays to b the 
reflected and tranſmitted are propagated tn a ff 
great diſtances from every reflecting and i 


F the 
fracting Surface. But yet to put the mat »o 1 
5 — 


| 
ter Ou! 
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br out of doubt, I added the following Ob- 
ſervation. 7 EOS 
0b/. y. If theſe Rings thus depend on the 
hicknets of the Plate of Glaſs, their Diameters 
equal diſtances from ſeveral Speculums made 
of {uch concavo-convex Plates of Glaſs as are 
ground on the ſame Sphere, ought to be reci- 
rrocally in a ſubduplicate proportion of the 
hicknefles of the Plates of Glats. And if this 
Proportion be found true by experience it will 
amount to a demonſtration that theſe Rings 
like thoſe formed in thin Plates) do depend 
on the thickneſs of the Glaſs. I procured there- 
fore another concavo- convex Plate of Glaſs 
ground on both ſides to the fame Sphere with 
he former Plate. Its thickneſs was =, parts of 
n Inch; and the Diameters of the three firſt 
bright Rings meaſured between the brigheſt 
parts of their Orbits at the diſtance of {ix Feet 
from the Glaſs were 3. 4+. 54. Inches. Now 
he thickneſs of the other Glaſs being + of an 
Inch was to the thickneſs of this Glaſs as ꝗ to 2, 
that is as 31 to Io, or 3I0000000 tO I00000000, 
nd the Roots of theſe Numbers are 17607 and 
10000, and in the proportion of the firſt of 
theſe Roots to the ſecond are the Diameters of 
lie bright Rings made in this Obſervation by 
he thinner Glaſs, 3. 4+. 54, to the Diameters of 
Wie fame Rings made in the third of theſe Ob- 


Fitggervations by the thicker Glaſs 1+3. 24. 2, that 
bas the Diameters of the Rings are reciprocally 
[oy a ſubduplicate proportion of the thickneſſes 
re the Plates of Glaſs. 5 

na 


So then in Plates of Glaſs which are alike 
con- 


1 CU Ce — ——— 


* 


concave on one fide, and alike convex on th; 
other fide, and alike quick-filver'd'on the con 
vex ſides, and differ in nothing but their thick 
neſs, the Diameters of the Rings are recipro 
cally in- a ſubduplicate proportion of the thick 
neſſes of the Plates. And this ſhews ſufficient 
ly that the Rings depend on both the Surface 
of the Glaſs. They depend on the convex Sur 
face becauſe they are more luminous when tha 
. Surface is quick: ſilver'd over than when it i 
1 without Quick ſilver. They depend alſo upo 
the concave Surface, becauſe without that Sur 
face a Speculum makes them not. They de 
pend on both Surfaces and on the diſtances be 
tween them, becauſe their bigneſs is varied b 
varying only that diſtance. And this depen 
dence is of the ſame kind with that which thy 
Colours of thin Plates have on the diſtance o 
the Surfaces of thoſe Plates, becauſe the big 
neſs of the Rings and their proportion to on{ 
another, and the variation of their bigneſs ar 
ſing from the variation of the thickneſs of thi 
Glaſs, and the orders of their Colours, is ſuc 
as ought to reſult from the Propoſitions in thi 
end of the third Part of this Book, derive 
from the Phænomena of the Colours of tht 
Plates ſet down in the firſt Part. 
There are yet other Phænomena of thel 
Rings of Colours but ſuch as follow from ti 
ſame Propoſitions, and therefore confirm bot 
the truth of thoſe Propoſitions, and the Anal! 
gy between theſe Rings and the Rings of Cc 
lours made by very thin Plates. I ſhall {ubyol 
{ome of them. _ = 

| 0 
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0b: 10. When the beam of the Sun's Light 
15 reflected back from the Speculum not di- 


ealy to the hole in the Window, but to a place 
little diſtant from it, the common center of 


nM the middle way between the beam of the in- 
cefMident Light, and the beam of the reflected 
uicht, and by conſequence in the center of the 


he Chart on which the Rings of Colours fell 
ras placed at that center. And as the beam of 
elected Light by inclining the Speculum re- 


lent Light and from the common center of the 
olour'd Rings between them, thoſe Rings grew 
digger and bigger, and fo allo did the white 
ound Spot, and new Rings of Colours emer- 
ed ſuccefſively out of their common center, 


big nd the white Spot became a white Ring en- 
oneompaſſing them; and the incident and reflect- 


ed beams of Light always fell upon the oppo- 
Ite parts of this white Ring, illuminating its 


on one ſide to the middle of its Light on the 
ther fide, was always equal to the diſtance be- 
Ween the middle of the incident beam of 
WLight, and the middle of the reflected beam 


vere reflected by the Speculum in Angles equal 
o their Angles of Incidence, and by conſe- 


hat Spot, and of all the Rings of Colours fell 


pherical concavity of the Speculum, whenever 


eded more and more from the beam of inci- 


erimeter like two mock Suns in the oppoſite 
parts of an Iris. So then the Diameter of this 
Ring, meaſured from the middle of its Light 


nealured at the Chart on which the Rings ap- 
peared : And the Rays which form'd this Ring 


quence to their Angles of Refraction at their 
_ ng entrance 
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[84] 
entrance into the Glaſs, but yet their Angles o 
Reflexton-were not in the ſame Planes with the; 
Angles of Incidence. 

O, r. The Colours of the new Rings were 
in a contrary order to thoſe of the former, an 
aroſe after this manner. The white round Spo 
of Light in the middle of the Rings continued 
white to the center till the diſtance of the in- 
cident and reflected beams at the Chart was a 
bout + parts of an Inch, and then it began to 
grow dark in the middle. And when that di. 
ſtance was about 1-- of an Inch, the white Spot 
was become a Ring encompaſſing a dark round 
Spot which in the middle inclined to violet and 
indigo. And the luminous Rings encompaſſing 
it were grown equal to thoſe dark ones which 
in the four firſt Obſervations encompaſſed them, 
that is to ſay, the white Spot was grown a 
white Ring equal to the firſt of thoſe dark 
Rings, and the firſt of thoſe luminous Rings 
was now grown equal to the ſecond of thoſe 
dark ones, and the ſecond of thoſe luminous ones 
to the third of thoſe dark ones, and ſo on. For 
the Diameters of the luminous Rings were now! 
Ic, 275 25, 3x5, Oc. Inches. 
When the diſtance between the incident and 
reflected beams of Light became a little big- 
ger, there emerged out of the middle of the 
dark Spot after the indigo a blue, and then out 
of that blue a pale green, and ſoon after a yel- 
low and red. And when the Colour at the 
center was brighteſt, being between yellow and 
red, the bright Rings were grown equal to thoſe 
Rings which in the four fir{t Obſervations uy 
. encom- 


encom 
Spot 11 
come 
bright 
Was e 
ind {0 
Ring, 
palling 
thereal 


Wh 
Light 
there 

the re 
ind a 
the Cc 
and re 
IOW at 
olou 
Rings 
vation: 
becom 
grow 'n 


now t 
ellou 


. 
encompaſſed them; that is to ſay, the white 
pot in the middle of thoſe Rings was now be- 
come a White Ring equal to the firſt of thoſe 
bright Rings, and the firſt of thoſe bright ones 
was now come equal to the ſecond of thoſe 
ind ſo on. For the Diameters of the white 
Ring, and of the other luminous Rings encom- 
ſalling it, were now 14, 23, 24, 33, Sc. or 
hereabouts. 1 
When the diſtance of the two beams of 
Light at the Chart was a little more increaſed, 
here emerged out of the middle in order after 
the red, a purple, a blue, a green, a yellow, 
ind a red inclining much to purple, and when 
the Colour was brighteſt being between yellow 
nd red, the former indigo, blue, green, yel- 
bow and red, were become an Iris or Ring of 
| Colours equal to the firſt of thoſe luminous 
rings which appeared in the four firſt Obſer- 
gs ations, and the white Ring which was now 
de decome the ſecond of the luminous Rings was 
grown equal to the ſecond of thoſe, and the 
irt of thoſe which was now become the third 
king was become equal to the third of thoſe, 
ad ſo on. For their Diameters were 142, 21, 
tt, 33 Inches, the diſtance of the two beams 
Light, and the Diameter of the white Ring 
being 24 Inches. FV 
When theſe two beams became more diſtant 
ere emerged out of the middle of the pur- 
puſh red, firſt a darker round Spot, and then 
wut of the middle of that Spot a brighter. And 
bow the former Colours (purple, blue, green, 
ſellow, and purpliſh red) were become a Ring 
„„ cmqual 
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es in the yellow, and leaſt in the red. For 
he Angles of Reflexion of thoſe Rays which 
made this Ring, being equal to their Angles of 
ncidence, the Fits of every reflected Ray within 
he Glaſs after Reflexion are equal in length 
nd number to the Fits of the ſame Ray with- 
the Glaſs before its Incidence on the reflect- 
ug Surface. And therefore ſince all the Rays 
all ſorts at their entrance into the Glaſs were 
1a Fit of Tranſmiſſion, they were alſo in a Fit 
f Tranſmiſſion at their returning to the ſame 
urface after Reflexion; and by conſequence 
were tranſmitted and went out to the white 
Ring on the Chart. This is the reaſon why 
hat Ring was of the ſame bigneſs in all the Co- 
ours, and why in a mixture of all it appears 
white. But in Rays which are reflected in o- 
her Angles, the Intervals of the Fits of the 
caſt refrangible being greateſt, make the Rings 
f their Colour in their progreſs from this white 
Ring, either outwards or inwards, increaſe or 
Lecreaſe by the greateſt ſteps; ſo that the Rings 
I! this Colour without are greateſt, and within 
alt. And this is the reaſon why in the laſt 
blervation, when the Speculum was illumina- 
ed with white Light, the exterior Rings made 
all Colours appeared red without and blue 
* and the interior blue without and red 
thin. 
Theſe are the Phænomena of thick convexo- 
oncave Plates of Glaſs, which are every where 
o the ſame thickneſs. There are yet other 
nenomena when theſe Plates are a little thick- | 
on one ſide than on the other, and ies 
When 


"T8 
when the Plates are more or leſs concave th; 
convex, or plano-convex, or double-conye 
For in all theſe cafes the Plates make Rings 


Colours, but after various manners; all whie| 
ſo far as I have yet obſerved, follow from th 


OAncen 
niſſior 
oncen 
oling 
Ie glo 


Propoſitions in the end of the third part of H like 
Book, and ſo conſpire to confirm the truth Make 
thoſe Propolitions. But the Phenomena a Hat in 
too various, and the Calculations whereby the loud 
follow from thoſe Propoſitions too intricate at th 
be here profecuted. I content my felf with hd the 
ving proſecuted this kind of Phenomena ſo fear ei 
as to diſcover their Cauſe, and by diſcoverinfſÞſungs « 
it to ratify the Propoſitions in the third Part Ming 0! 
this Book. . ond 10 
Ob 13. As Light reflected by a Lens quick Min 
filver'd on the backſide makes the Rings of ( Wat 
lours above deſcribed, ſo it ought to make ih or 
like Rings of Colours in paſling through a drojfgcnce : 
of Water. At the firſt Reflexion of the Rayiexio 
within the drop, ſome Colours ought to Hfalos, 
tranſmitted, as in the caſe of a Lens, and othenWn, li! 
to be reflected back to the Eye. For inſtanc{Þ his E 
if the Diameter of a ſmall drop or globule Mtmoſt 
Water be about the 50th part of an Inch, ¶tthout 
that a red-making Ray in paſling through e an 
middle of this globule has 250 Fits of calffgſre pu 
[Tranſmiſſion within the globule, and that a" anc 
the red-making Rays which are at a certain die thir, 
{tance from this middle Ray round about thout 
"have 249 Fits within the globule, and all thQÞmedi; 
like Rays at a certain farther diſtance round FF this c 
bout it have 248 Fits, and all thoſe at a cee, W. 


tain farther diſtance 247 Fits, and ſo on; 0 
cConce 


— — 
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ncentrick Circles of Rays after their tranſ- 
niſſion, falling on a white Paper, will make 
oncentrick Rings of red upon the Paper, ſup- 
oling the Light which paſſes through one ſin- 


n e globule, {ſtrong enough to be ſenſible. And, 
+ ike manner, the Rays of other Colours will 


ke Rings of other Colours. Suppoſe now 


loud of ſuch globules of Water or Hail, and 
hat the globules are all of the fame bigneſs; 
d the Sun ſeen through this Cloud ſhall ap- 
ear encompaſſed with the like concentrick 


ond og Degrees, that of the third 12 Degrees 
; Minutes. And accordingly as the Globules 
Water are bigger or leſs, the Rings ſhall be 
s or bigger. This is the Theory, and Expe- 


flexion in a Veſſel of ſtagnating Water three 
alos, Crowns, or Rings of Colours about the 
n, like three little Rain-bows, concentrick 
his Body. The Colours of the firſt or in- 
moſt Crown were blue next the Sun, red 
1, ichout, and white in the middle between the 


ere purple and blue within, and pale red with. 
t and green in the middle. And thoſe of 


nd M this continual order from the Sun outward : 


che 
nce 


yellow 


hat in a fair Day the Sun ſhines through a thin 


ings of Colours, and the Diameter of the firſt 
ing of red ſhall be 7; Degrees, that of the ſe- 


ence anſwers it. For in June 1692. I ſaw by 


ve and red. Thoſe of the ſecond Crown 


n de third were pale blue within, and pale red 
ut Mithout ; theſe Crowns enclos'd one another 
1 cÞmediately , ſo that their Colours proceeded 


coſe, white, red; purple » blue, green, pale 


T had not time to meaſure, but that of the firſh 


was about three Degrees, and that of the ſe 


about that the inner Crown which was of 


the outward Crown, and red on the outſide o 
it. At the ſame time there appear'd a Halo a 


one another next about her Body. The mort 
equal the globules of Water or Ice are to on 
another, the more Crowns of Colours will ar 
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yellow and red; pale blue, pale red. The Di 
ameter of the ſecond Crown meaſured fro 
the middle of the yellow and red on one ſide 
of the Sun, to the middle of the ſame Coloy 
on the other ſide was 95 Degrees, or there 
bouts. The Diameters of the firſt and thire 


ſeemed to be about five or ſix Degrees, and 
that of the third about twelve. The like 
Crowns appear ſometimes about the Moon 
for in the beginning of the Year 1664, Fe 
19th at Night, I ſaw two ſuch Crowns abou 
her. The Diameter of the firſt or innermo! 


cond about five Degrees and an half. Next a 
bout the Moon was a Circle of white, and nex| 


bluiſh green within next the white, and of 
yellow and red without, and next about theſ: 
Colours were blue and green on the inſide 0 


bout 22 Degrees 35 diſtant from the center 0 
the Moon. It was elliptical, and its long Dia 
meter was perpendicular to the Horizon, verg 
ing below fartheſt from the Moon. I am tobe 
that the Moon has ſometimes three or mor 
concentrick Crowns of Colours encompaſſin 


pear, and the Colours will be the more lively 
he Halo at the diſtance of 22; Degrees * 
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the Moon is of another ſort. By its being oval 
nd remoter from the Moon below than above, 
| conclude, that it was made by Refraction in 
me ſort of Hail or Snow floating in the Air 
In an horizontal poſture, the retracting Angle 
being about 58 or 60 Degrees. 
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Obſervations concerning the Inflexions of thy 
Rays of Light, and the Colours made thereby. 


5 2 ' Ri] M ALDO has” inform'd us, that 
5 if a beam of the Sun's Light be let in- 
Yo 1865 to a dark Room through a very ſmal 
cn hole, the Shadows of things in thi 
Light will be larger than they ought to be! 
the e Rays went on by the Bodies in ſtrait Ling 
al 
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ind that theſe Shadows have three parallel 
fringes, Bands or Ranks of colour'd Light ad- 
pcent to them. But if the Hole be enlarged 
he Fringes grow broad and run into one ano- 
ther, ſo that they cannot be diſtinguiſh'd. Theſe - 
broad Shadows and Fringes have been reckon'd 
by fome to proceed from the ordinary refra- 
ton of the Air, but without due examination 
of the Matter. For the circumſtances of the 
Phenomenon, ſo far as I have obſerved them, 
are as follows. . 
05%. 1. I made in a piece of Lead a ſmall 
Hole with a Pin, whoſe breadth was the 42d 
part of an Inch. For 21 of thoſe Pins laid to- 
gether took up the breadth of half an Inch. 
hrough this Hole I let into my darken'd 
Chamber a beam of the Sun's Light, and found 
that the Shadows of Hairs, Threds, Pins, Straws, 
ind ſuch like flender Subſtances placed in this 
ram of Light, were conſiderably broader than 
ey ought to be, if the Rays of Light pafled 
n by theſe Bodies in right Lines. And parti- 
uarly a Hair of a Man's Head, whoſe breadth 
Fas but the 280th part of an Inch, being held 
n this Light, at the diſtance of about twelve 
et from the Hole, did caſt a Shadow which 
the diſtance of four Inches from the Hair 
das the ſixtieth part of an Inch broad, that is, 
dove four times broader than the Hair, and at 
he diſtance of two Feet from the Hair was a- 
out the eight and twentieth part of an Inch 
road, that 1s, ten times broader than the Hair, 
nd at the diſtance of ten Feet was the eighth 
art of an Inch broad, that 1s 25 times broader. 
U-3:: Nor 
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Nor is it material whether the Hair be en. 
compaſſed with Air, or with any other pellucid 
© Subſtance. For I wetted a poliſh'd Plate of 
_ Glaſs, and laid the Hair in the Water upon the 
Glaſs, and then laying another poliſh'd Plate of 
Glaſs upon it, ſo that the Water might fill up| 
the ſpace between the Glaſſes, I held them in 
the aforeſaid beam of Light, ſo that the Light 
might paſs through them perpendicularly, and 
the Shadow of the Hair was at the ſame di. 
ſtances as big as before. The Shadows of 
Scratches made in poliſh'd Plates of Glaſs were 
alſo much broader than they ought to be, and 
the Veins in poliſh'd Plates of Glaſs did alſo caſt 
the like broad Shadows. And therefore the 
great breadth of theſe Shadows proceeds from| 
5 ro other cauſe than the Refraction of the 
=. 9 95 
Let the Circle X [in Fig. 1 repreſent the 
middle of the Hair; A D G, B E H, CF 
three Rays paſſing by one ſide of the Hair at 
ſeveral diſtances; KN Q, LOR, MPS, three 
other Rays paſſing by the other {ide of the Hai 
at the like diſtances ; D, E, F, and N, O, P, the 
places where the Rays are bent in their pal 
ſage by the Hair; G, H, I and Q. R, 8, the 
places where the Rays fall on a Paper G 
I'S the breadth of the Shadow of the Hair call 
on the Paper, and TI, VS, two Rays paſling 
to the Points I and S without bending whe 
the Hair is taken away. And it's manifeſt tha 
all the Light between theſe two Rays TI anc 
VS is bent in paſling by the Hair, and turnec 
alide from the Shadow 1 8, becauſe if any pa! 
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of this Light were not bent it would fall on the 
paper within the Shadow, and there illuminate 
the Paper, contrary to experience. And be- 
cauſe when the Paper is at a great diſtance from 
te Hair, the Shadow is broad, and therefore 
Ide Rays ITI and VS are at a great diſtance 
tom one another it follows that the Hair acts 
won the Rays of Light at a good diſtance in 
Wiheir paſſing by it. But the action is ſtrongeſt 
Won the Rays which paſs by at leaſt diſtances, 
Mind grows weaker and weaker accordingly as 
te Rays paſs by at diſtances greater and great- 
er, as is repreſented in the Scheme: For thence 
i comes to paſs, that the Shadow of the Hair 
Mis much broader in proportion to the diſtance 
of the Paper from the Hair, when the Paper is 
Micarer the Hair, than when it is at a great di- 
ſtance from it. . oo 
06% 2. The Shadows of all Bodies (Metals, 
Stones, Glaſs, Wood, Horn, Ice, Sc.) in this 
Light were border'd with three parallel Fringes 
or Bands of colour'd Light, whereof that which 
was contiguous to the Shadow was broadeſt 
and moſt luminous, and that which was remo- 
teſt from it was narroweſt, and fo faint, as not 
\Mcalily to be viſible. It was difficult to diſtinguiſh 
the Colours unleſs when the Light fell very ob- 
iquely upon a ſmooth Paper, or ſome other 
Imooth white Body, ſo as to make them appear 
much broader than they would otherwiſe do. 
And then the Colours were plainly viſible in 
this Order: The firſt or innermoſt Fringe was 
nolet and deep blue next the Shadow, and then 
ight blue, green and yellow in the middle, and 
c — 4 5 red 
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red without. The ſecond Fringe was almof 
contiguous to the firſt, and the third to the ſe. 
cond, and both were blue. within and yelloy 
and red without, but their Colours were very 
faint, eſpecially thoſe of the third. The Co. 
lours therefore proceeded in this order from 
the Shadow ; violet, indigo, pale blue, green 
yellow, red; blue, yellow, red; pale blue, pale 
yellow and red. The Shadows made by Scratches; 
and Bubbles in poliſh'd Plates of Glaſs were 
border'd with the like Fringes of colour'd Light. 
And if Plates of Looking-glais floop'd off near 
the edges with a l cut, be held in the 
fame beam of Light, the Light which pale 
through the parallel Planes of the Glaſs will be 
border'd with the like Fringes of Colours where 


thoſe Planes meet with the Diamond-cut, and 


by this means there will ſometimes appear four 
or five Fringes of Colours. Let A B, CD [in 
Fig. z.] repreſent the parallel Planes of a Look- 


ing-glaſs, and B D the Plane of the Diamond- 


cut, making at B a very obtuſe Angle with the 


Plane AB. And let all the Light between the 


Rays ENI and FB M pals directly through the 
parallel Planes of the Glaſs, and fall upon the 


Paper between I and M, and all the Light be- 


tween the Rays G O and HD be refracted by 


the oblique Plane of the Diamond- cut BD, and 
fall upon the Paper between K and L; and the 
Light which paſſes directly through the parallel 


Planes of the Glaſs, and falls upon the Paper 
between I and M, will be border'd with three 
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So by looking on the Sun through a Feather 
or black Riband held cloſe to the Eye, ſeveral 
WRiin-bows will appear; the Shadows which the 
Fibres or Threds caſt on the Tanica Retina be- 
ng border'd with the like Fringes of Colours. 

0% 3. When the Hair was twelve Feet di- 
fant from this Hole, and its Shadow fell obli- 
quely upon a flat white Scale of Inches and 
parts of an Inch placed half a Foot beyond it, 
ind alſo when the Shadow fell perpendicularly 
won the fame Scale placed nine Feet beyond 
t; I meaſured the breadth of the Shadow and 
Wiringes as accurately I could, and found them 
Win parts of an Inch as follows. 
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| * At the diftanco f 


The breadth of the Shadow ** ; 
The breadth between the middles o 
the brigheſt Light of the innermoſt; or 7 35 
Fringes on either ſide the Shadow | 
The breadth between the Middlesof 
I che brighteſt Light of the middle. 1 
moſt Fringes on either ſide the Sha-| 2333 


dow 1 


The breadth between the Middles of, 
the brighteſt Light of the outmoſtſ g or 
4 F ringes on either ſide the Shadow 


The diſtance between the Middle 
of the brighteſt Light of the — 
and ſecond Fringes _ 


— 


of the brighteſt Light of the ſe⸗ 
cond and third Fringes 


. 
PETS "I 


| the firſt Fringe 


"The diftance between the Middles| © 


[The breadth of the luminous part| 
| | (green, white, yellow and red) of + 


1 of the lecond Fringe 


The breadth of the darker Space 5 
Tween che ſecond and third Fringes 


_— 3 


The breadth of the darker Space bs 
tween the firſt and ſecond Fringes| 


The breadth of the lamitons 1 part] 
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Theſe Meaſures I took by letting the Shadow 
the Hair at half a Foot diſtance fall ſo ob- 
quely on the Scale as to appear twelve times 
roader than when it fell perpendicularly on it 
t the ſame diſtance, and ſetting down in this 
able the twelfth part of the Meaſures I then 
took. 

0% 4. When the Shadow and Fringes were 
aſt obliquely upon a {mooth white Body, and 
at Body was removed farther and farther 
from the Hair, the firſt Fringe began to appear 


x the diſtance of leſs than a quarter of an Inch 
om the Hair, and the dark Line or Shadow 
between that and the ſecond Fringe began to 


appear at a leſs diſtance from the Hair than that 
of the third part of an Inch. The ſecond Fringe 


began to appear at a diſtance from the Hair of 


that and the third Fringe at a diſtance leſs than 
an Inch, and the third Fringe at a dittance leſs 
man three Inches. At greater diſtances they 
became much more ſenſible, but kept very 
nearly the ſame proportion of their breadths 
and intervals which they had at their firſt ap- 
fearing. For the diſtance between the middle 
of the firſt and the middle of the ſecond Fringe, 
was to the diſtance between the middle of the 
kcond and middle of the third Fringe, as three 
to two, or ten to ſeven. And the laſt of theſe 


bright Light of the ſecond Fringe as ſeven to 


ind look brighter than the reſt of the Light 


leſs than half an Inch, and the Shadow between 


two diſtances was equal to the breadth of the 
bright Light or luminous part of the firſt Fringe. 
And this breadth was to the breadth of the 
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dark Interval between the ſecond and third x 


ſeem'd to be in the progreſſion of the Number; 


- continual progreſſion of the Numbers 1, /, /:, 
5, +, or thereabouts. And theſe Proporti. 
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four, and to the dark Interval of the firſt any 
ſecond Fringe as three to two, and to the like 


e Light 
er [WO 
ere {av 
oth way 
ow like 
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two to one. For the breadths of the Fringes 


1, V+, +, and their Intervals to be in the 
fame progreſſion with them; that is, the Frin. 
ges and their Intervals together to be in the 


ons held the ſame very nearly at all diſtance 
from the Hair; the dark Intervals of the Fringes] 
being as broad in proportion to the breadth o 
the Fringes at their firſt appearance as after- 
wards at great diſtances from the Hair, though 
not ſo dark and diſtinct. 


Oli. 5. The Sun ſhining into my darken' I ue 
Chamber through a Hole a quarter of an Inch. ually 
broad; I placed at the diſtance of two or three ngth © 
Feet from the Hole a Sheet of Paſtboard, which in the E 
was black d all over on both fides, and in the, Knit 
middle of it had a Hole about three quarters ſubten 
of an Inch ſquare for the Light to paſs through. | about 
And behind the Hole I faſten'd to the Paſ-metim 
board with Pitch the Blade of a ſharp Knife, to legrees 
intercept ſome part of the Light which paſſed lat Ice 
through the Hole. The Planes of the Paſt- Tight ( 
board and Blade of the Knife were parallel to me ot 
one another, and perpendicular to the Rays Jacing 
And when they were ſo placed that none 0 I that 
the Sun's Light fell on the Paſtboard, but allo king 
it paſſed through the Hole to the Knife, and there ght 1 
part of it fell upon the Blade of the Knife, and unde 
her 


part of it paſſed by its edge: I let this td 
| the 
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e Light which paſſed by, fall on a white Pa- 
er two or three Feet beyond the Knife, and 
ere ſaw two ſtreams of faint Light ſhoot out 
ch ways from the beam of Light into the ſha- 
w like the Tails of Comets. But becauſe the 
us direct Light by its brightneſs upon the 
per obſcured theſe faint ſtreams, ſo that I 
quid ſcarce ſee them, I made a little hole in 
e midſt of the Paper for that Light to paſs 
rough and fall on a black Cloth behind it; 


ere like one another, and pretty nearly equal 
length and breadth, and quantity of Light. 


— 
0 


ght was pretty ſtrong for the ſpace of about 
quarter of an Inch, or half an Inch, and in all 
b progreſs from that direct Light decreaſed 
hal till it became inſenſible. The whole 
moth of either of theſe ſtreams meaſured up- 
n the Paper at the diſtance of three Feet from 
ge Knife was about ſix or eight Inches; ſo that 
ubtended an Angle at the edge of the Knife 
about 10 or 12, or at moſt 14 Degrees. Yet 
mmetimes I thought I {aw it ſhoot three or four 


Fight (in ſome meaſure at leaſt) arite from 


ome other cauſe than the two ſtreams did. For 
s Racing my Eye in that Light beyond the end 
of that ſtream which was behind the Knife, and 


of bl 
rel iht upon its edge, and that not only when 
de Eye was in the line of the Streams, but al- 


d then I ſaw the two ſtreams plainly. They 


ſheir Light at that end next the Sun's direct 


kerees farther, but with a Light ſo very faint 
lat I could ſcarce perceive it, and ſuſpected it 
wking towards the Knife, I could ſee a line of 


ohen it was without that line either towards 
„ 555 the 
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edge of the Knife, and was narrower than th 
Light of the innermoſt Fringe, and nartoye| 


'This Shadow was ſo black and dark that all th 


; Knives at diſtances {till leſs and leſs is more ant 


e ONY 
the point of the Knife, or towards the hand ue ben 
This line of Light appear'd contiguous to t _ 
ect LI. 
ach one 
> Strean 
direct 
00% 7. 


when my Eye was fartheſt from the direct Lig 
and therefore ſeem'd to paſs between the L 
of that Fringe and the edge of the Knife, an 


that which 3 neareſt the edge to the mo not AF 
bent, thoug not all of it. EE hole in 
 Obf7 6. I placed another Knife by this, e one? 
that their edges might be parallel and look toffffiinued 
wards one another, and that the beam of Lig in the 
might fall upon both the Knives, and ſome parſſſÞther , 
of it paſs between their edges. And when teen 
_ diſtance of their edges was about the f ppear 
part of an Inch the ſtream parted in the mid ter {1d 
dle, and left a Shadow between the two part made 


the O 
er Knif 


Light which paſſed between the Knives ſeem 
ves we 


to be bent, and turn'd aſide to the one han 


or to the other. And as the Knives {till a bole 1 
proached one another the Shadow grew broad inet b' 
er, and the Streams ſhorter at their inwar ould 1 
ends which were next the Shadow, until upofſWith F. 
the contact of the Knives the whole Light d. 
 miſh'd leaving its place to the Shadow. _ och'd 
And hence I gather that the Light which iter | 
leaſt bent, and goes to the inward ends of th{Wnolt 
Streams, paſſes by the edges of the Knives t ne> 
the greateſt diſtance, and this diſtance whe) we! 
the Shadow begins to appear between thiiÞ"ch w 
Streams is about the 800 part of an Inch. An v 
the Light which paſſes by the edges of thi Ani 
ervat 


mol 
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re bent, and goes to thofe parts of the 
eams which are farther and farther from the 
ect Light, becauſe when the Knives ap- 
ach one another till they touch, thoſe parts of 
Streams vaniſh laſt which are fartheſt from 
direct Light. 
0% 7. In the fifth Obſervation the Fringes 
not appear, but by reaſon of the breadth of 
hole in the Window became ſo broad as to run 
0 one another, and by joining, to make one 
inued Light in the beginning of the Streams. 
tin the ſixth, as the Knives approached one 
ther, a little before the Shadow appear'd 
ween the two ſtreams, the Fringes began 
appear on the inner ends of the Streams on 
her ſide -of the direct Light, three on one 
e made by the edge of one Knife, and three 
the other {ide made by the edge of the o- 
r Knife. They were diſtinéteſt when the 
ives were placed at the greateſt diſtance from 
t hole in the Window, and ſtill became more 
lin& by making the hole leſs, inſomuch that 
ould ſometimes ſee a faint Lineament of a 
th Fringe beyond the three above men- 
nd. And as the Knives continually ap- 
dach d one another, the Fringes grew di- 
iter and larger until they vaniſh'd. The 
moſt Fringe vaniſh'd firſt, and the middle- 
dt next, and the innermoſt laſt. And after 
y were all vaniſh'd, and the line of Light 
ich was in the middle between them was 
Wn very broad, enlarging it ſelf on both ſides 
0 the Streams of Light deſcribed in the fifth 
ervation, the above mention'd Shadow be- 
nk Hal gan 


1 
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gan to appear in the middle of this line,; 
divide it along the middle into two lines 
Light, and increaſed until the whole Light 
niſh'd. This enlargement of the Fringes y 
ſo [great that the Rays which go to the inne 
molt Fringe ſeem'd to be bent above twe 
times more when this Fringe was ready to 
niſh, than when one of the Knives was tak 
away. 
And from this and the former Obſervati 
compared, I gather, that the Light of the ff 
Fringe paſſed by the edge of the Knife at a « 
_ ſtance greater than the sooth part of an Inc 
and the Light of the iecond Fringe paſſed | 
the edge of the Knife at a greater diſtance th; 
the Light of the firſt Fringe did, and that 
the third at a greater diſtance than that of tl 
ſecond, and that of the Streams of Light d 
| Tcribed in the fifth and ſixth Obſervations p- 
ſed by the edges of the Knives at leſs diſtanc 
than that of any of the Fringes. 
06%. 8. I cauſed the edges of two Kniy 
to be ground truly ſtrait, and pricking the 
points into a Board ſo that their edges mig 
look towards one another, and meeting ne! 
their points contain a rectilinear Angle, I faſten 
their Handles together with Pitch to make tn 
Angle invariable. The diſtance of the edges ( 
the Knives from one another at the diſtance Wh; 
four Inches from the Angular Point, where ti 
edges of the Knives met, was the eighth pal 
of an Inch, and therefore the Angle contain 
by the edges, was about 1 Degree 54. IM an 1 
Knives thus fix'd together I placed in a beaneen t 
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of the Sun's Light, let into my darken'd Cham- 
her through a hole the 42d part of an Inch 
wde at the diſtance of 10 or 15 Feet from the 
hole, and let the Light which paſſed between 
their edges fall very obliquely upon a {mooth - 
white Ruler at the diſtance of half an Inch, or 
in Inch from the Knives, and there ſaw the 
fringes made by the two edges of the Knives 
un along the edges of the Shadows of the 
Knives in lines parallel to thoſe edges without 
growing ſenſibly broader, till they met in An- 
ges equal to the Angle contained by the edges 
of the Knives, and where they met and joined 

hey ended without croſſing one another. But 
if the Ruler was held at a much greater di- 
lance from the Knives, the Fringes where they 
ere farther from the place of their meeting, 
ere a little narrower, and became ſomething 
Iroader and broader as they approach'd nearer 
nd nearer to one another, and after they met 
ey croſs'd one another, and then became much 
roader than before. 55 


e Whence I gather that the diſtances at which 
Mee Fringes paſs by the Knives are not inerea- 
cled nor alter'd by the approach of the Knives, 
n 


ut the Angles in which the Rays are there bent 
e much increaſed by that approach; and that 
de Knife which is neareſt any Ray determines 
hich way the Ray ſhall be bent, and the other 
ite increaſes the bent. 


pa 0%/ 9. When the Rays fell very obliquely 
- pon the Ruler at the diſtance of the third part 


Fan Inch from the Knives, the dark line be- 
een the firſt and ſecond Fringe of the Sha- 
7 X 4.2. e 
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dow of one Knife, and the dark line between 


the firſt and ſecond Fringe of the Shadow of 162th 
the other Knife met with one another, at the Fo 
diſtance of the fifth part of an Inch from the were 
end of the Light which paſſed between the tht li 
Knives at the concourſe of their edges. Ang fmall 
therefore the diſtance of the edges of the Knive the P 
at the meeting of theſe dark lines was the 16th paſſed 
part of an Inch. For as four Inches to the betwe 
eighth part of an Inch, ſo is any length of the Table 
edges of the Knives meaſured from the poinii the K 
of their concourſe to the diſtance of the edge 
of the Knives at the end of that length, and ſo Diff 
is the fifth part of an Inch to the 160th part fr 
Ho then the dark lines above mention'd meet | "7 
in the middle of the Light which paſſes bel] 
tween the Knives where they are diſtant th 
160th part of an Inch, and the one half of tha | 
Light paſſes by the edge of one Knife at a di 
ſtance not greater than the 32oth part of a 
Inch, and falling upon the Paper makes the 
Fringes of the Shadow of that Knife, and the 
other halt paſſes by the edge of the other Knife, 
at a diſtance not greater than the 32oth part 0Y— 
an Inch, and falling, upon the Paper makes th} . 
Fringes of the Shadow of the other Knife. Bu And 


if the Paper be held ar a diſtance from th 
| Knives greater than the third part of an Inc 
the dark lines above mention'd meet at a great 
er diſtance than the fifth part of an Inch iro 
the end of the Light which paſſed between ti 
Knives at the concourſe of their edges; Al 
therefore the Light which falls upon the Pap; 

where thoſe dark lines meet pales ere [ 
8 nin 
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Knives where their edges are diſtant above the 
Loth part of an Inch. — 

For at another time when the two Knives 
'MW were diſtant eight Feet and five Inches from 
| the little hole in the Window, made with a 
mall Pin as above, the Light which fell upon 
the Paper where the aforeſaid dark lines met, 
WM paſſed between the Knives, where the diſtance 
between their edges was as in the following 
Table, when the diſtance of the Paper from 
the Knives was alſo as follows. 


Diſtances of the Paper Diſtances between the 

|| from the Knives in| edges of the Knives 
Inches. | an milleſimal parts of 
F | an Inch 

4 EEE, 

1.5. C.. 

| | J. . 8 0010 l 
, WO. 
| + - O0 1 
96. O8 | 

E V 


And hence I gather that the Light which 
makes the Fringes upon the Paper is not the 
ame Light at all diſtances of the Paper from 
the Knives, but when the Paper is held near 
the Knives, the Fringes are made by Light 
ich paſſes by the edges of the Knives at a 
els diſtance, and is more bent than when the 
Paper is held at a greater diſtance from the 


Knives. 8 1 


at a great diſtance from the Knives, they were 
in the form of Hyperbolas, and their Dimen. 
ſions were as follows. Let CA, CB [in Fig. 3 
repreſent lines drawn upon the paper paralle 
to the edges of the Knives, and between which 


the edges of the Knives without inflexion; DF 


terminating all the Light which falls upon the 


| Knives meet; e 1s, Ft, and g / v, three hy- 


ſenting the Terminus of the Shadow of the other 
Fringes of that Shadow, and the dark line be. 
croſs them in the points 2, & and 4, and that the 
lines e 2 and æ i p, until the meeting and croſ 


ting the firſt luminous Fringes within ſide, and 


—— 
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©b{. 10. When the Fringes of the Shadow; 


of the Knives fell perpendicularly upon a Paper I begins 


| triang1 
dark I 
Hyper 
the Ot 
CA ar 
any WI 
Iptote ] 
ACHn 
perbol 
ſuring 
collect 
1r or 
diſtanc 
D D,) 
perbol: 
theſe c 
from t 
Ing the 
points 
For 
rom tl 
Taper 


all the Light would fall, if it paſſed between 


a right line drawn through C making the An. 
gles ACD, BCE, equal to one another, and 


Paper from the point where the edges of the 


perbolical lines repreſenting the Terminus of 
the Shadow of one of the Knives, the dark line 
between the firſt and ſecond Fringes of that 
Shadow, and the dark line between the ſecond 
and third Fringes of the ſame Shadow ; x 2p, 5 
and = Ir, three other hyperbolical lines repre: 


Knife, the dark line between the firſt and ſecond 
tween-the ſecond and third Fringes of the ſame 
Shadow. And conceive that theſe three Hyper: 
bolas are like and equal to the former three, and 


Shadows of the Knives are terminated and diſtin 
guiſh'd from the firſt luminous Fringes by the 


ling of the Fringes, and then thoſe lines crols 
the Fringes in the form of dark lines, termina- 


diſtinguiſhing them from another Light whic 
yon 12885 TIN begin 
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begins to appear at 7, and illuminates all the 
W triangular ſpace % DE s comprehended by theſe 
W dark lines, and the right line DE. Of theſe 

Hyperbolas one Aſympote is the line DE, and 

the other Aſymptotes are parallel to the lines 
CA and C B. Let v repreſent a line drawn 
ny where upon the Paper parallel to the Aſym- 
Wotote DE, and let this line croſs the right lines 

A C in m and B C in 2, and the fix dark hy- 
| Mpcrbolical lines in p, %, 7; 5, f, v; and by mea- 
e bring the diſtances Þ 5, t, v, and thence 
collecting the lengths of the Ordinates 2 p, 2 4, 
worms, mt, mv, and doing this at ſeveral 
diſtances of the line 1 v from the Aſymptote 
D D, you may find as many points of theſe Hy- 
perbolas as you pleaſe, and thereby know that 
theſe curve lines are Hyperbolas differing little 
from the conical Hyperbola. And by meaſur- 
ng the lines Cz, C4, C, you may find other 
points of theſe Curves. 9 


from the hole in the Window ten Feet, and the 
Paper from the Knives nine Feet, and the An- 
gle contained by the edges of the Knives to 
hich the Angle A C B is equal, was ſubtend- 
d by a Chord which was to the Radius as L 
0.32, and the diſtance of the line V from the 
uymptote DE was half an Inch: I meaſured 
he lines ps, 97, v, and found them 0'35, 
"65, :0'98 Inches reſpectively, and by adding 


Mums p, 2 9, ur, were 01828, 03328, 04978 


S10Wiches, I meaſured alfo the diſtances of the 
1410 e brightejz 


For inſtance, when the Knives were diſtant 


o their halfs the line + 22 (which here was 
be 128th part of an Inch, or 0078 Inches) the 


— — 
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Te. L violet 

brighteſt parts of the Fringes which run be. Wmiddl 

tween £4 and t, 3 and t v, and next beyond Fring 
t 


7 and v, and found them 0's, 0'8, and 1'17 Inches, full re 
O. xx. The Sun ſhining into my darkend Inch. 
Room through a ſmall round hole made in 1 the : 
Plate of Lead with a {lender Pin as above; Hair 
placed at the hole a Priſm to refract the Light, MW So 
and form on the oppoſite Wall the Spectrum in the 
of Colours, deſcribed in the third Experiment diſtan. 
of the firſt Book. And then I found that the Fring. 
Shadows of all Bodies held in the coloured in cat 
Light between the Priſm and the Wall, were red I 
| border'd with Fringes of the Colour of thai diſtan 
Light in which they were held. In the full red ble R: 
Light they were totally red without any ſen{i-Wdiſpo! 
ble blue or violet, and in the deep blue Light the vi 
they were totally blue without any ſenſible red 
or yellow ; and ſoin the green Light they were 
totally green, excepting a little yellow and blue 
which were mix'd in the green Light of the 
Priſm. And comparing the Fringes made in 
the ſeveral colour'd Lights, I found that thoſe 
made in the red Light where largeſt, thole 
made in the violet were leaſt, and thofe mad 
in the green were of a middle bigneſs. Fot 
the Fringes with which the Shadow of a Man 
Hair were border'd, being meaſur'd croſs thi 
Shadow at the diſtance of fix Inches from thi 
Hair; the diſtance between the middle and mo 
luminous part of the firſt or innermoſt Fring 
on one fide of the Shadow, and that of the lik 
Fringe on the other fide of the Shadow was 


the full red Light = of an Inch, and in the fu 
3 mol 


colou! 
any ne 
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OUS ir 
were 
ſepara 
comp! 
but v 
ſevera 
led to 


— — won 


ES] 

violet &. And the like diſtance between the 
Imiddle and molt luminous parts of the ſecond 
fringes on either fide the Shadow was in the 
full red Light , and in the violet ν of an 
Inch. And theſe diſtances of the Fringes held 
the ſame proportion at all diſtances from the 

Hair without any ſenſible variation. 
80 then the Rays which made theſe Fringes 
in the red Light paſſed by the Hair at a greater 
diſtance than thoſe did which made the like 
Fringes in the violet ; and therefore the Hair 
in cauſing thele Fringes acted alike upon the 
red Light or leaſt refrangible Rays at a greater 
diſtance, and upon the violet or molt refrangi- 
ble Rays at a leſs diſtance, and by thoſe actions 
diſpoſed the red Light into larger Fringes, and 
the violet into ſmaller, and the Lights of inter- 
mediate Colours into Fringes of intermediate 
bigneſſes without changing the Colour of any 
ſort of Light. on 
When therefore the Hair in the firſt and ſe- 
cond of theſe Obſervations was held in the 
white beam of the Sun's Light, and cail a Sha- 
dow which was border'd with three Fringes of 
colour'd Light, thoſe Colours aroſe not from 
any new moditications impreſs'd upon the Rays 
of Light by the Hair, but only from the vari- 
ous inflexions whereby the ſeveral forts of Rays 
were ſeparated from one another, which before 
ſeparation by the mixture of all their Colours, 
compoſed the white beam of the Sun's Light, 
but whenever ſeparated compoſe Lights of the 
ſeveral Colours which they are originally diſpo- 
led to exhibit. In this 11th Obſervation, where 
„ the 
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the Colours are ſeparated before the Light pa bour'd 
ſes by the Hair, the leaſt refrangible Rays, which gies ar 
when {ſeparated from the reſt make red, wert Wh 
inflected at a greater diſtance from the Hair, {of deſign 
as to make three red Fringes at a greater d and e 
ſtance from the middle of the Shadow of the deterr 
Hair; and the moſt refrangible Rays which are be 
when ſeparated make violet, were inflected u the F. 
a leſs diſtance from the Hair, ſo as to make tween 
three violet Fringes at a lets diſtance from the canno 
middle of the Shadow of the Hair. And other 
Rays of intermediate degrees of RefrangibilityM n 
were inflected at intermediate diſtances fron 
the Hair, ſo as to make Fringes of intermediate 
Colours at intermediate diſtances from the mid-· 
dle of the Shadow of the Hair. And in the 


1 
ſecond Obſervation, where all the Colours are a ditl 
mix'd on the white Light which paſſes by the and i 
Hair, theſe Colours are ſeparated by the vari- at the 
ous inflexions of the Rays, and the Frings ©: 
which they make appear all together, and the frang 
innermoſt Fringes being contiguous make one they 
broad Fringe compoled of all the Colours in from 
due order, the violet lying on the inſide of the the 


Fringe next the Shadow, the red on the out. bed? 
{ide fartheſt from the Shadow, and the blue, to rr 
green and yellow, in the middle. And, in lik 2 
manner, the middlemoſt Fringes of all the Co-W by t 
lours lying in order, and being contiguous, time 
make another broad Fringe compoſed of all the like 
Colours; and the outmoſt Fringes of all the ges 
Colours lying in order, and being contiguous, fron 
make a third broad Fringe compoſed of all thei & 
Colours. Theſe are the three Fringes of a uo) 
8 ns 3 e Jan. 
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bour'd Light with which the Shadows of all Boz 
dies are border'd in the ſecond Obſervation. 
When I made the foregoing Obſervations, I. 
defign'd to repeat moſt of them with more care 
and exactneſs, and to make ſome new ones for 
determining the manner how the Rays of Light 
are bent in their paſſage by Bodies for making 
the Fringes of Colours with the dark lines be- 
tween them. But I was then interrupted, and 


cannot now think of taking theſe things into 


| farther conſideration. And ſince I have not fi- 
| niſh'd this part of my Deſign, I ſhall conclude, 

with propoling only ſome Queries in order to a 
| farther earch to be made by others. 


very 1. Do not Bodies act upon Light at at 
a diltance, and by their action bend its Rays, 


and is not this action (cæteris Paribus „ wks, 11m 


at the leaſt diſtance? 

Qu. 2. Do not the Rays which differ in Re- 
frangibility differ alſo in Flexibility, and are 
they not by their different Inflexions ſeparated 


from one another, ſo as after ſeparation to make 
| the Colours in the three Fringes above deſcri- 
bed? And after what manner are they inflected 


to make thoſe Fringes ? 


Qu. 3. Are not the Rays of Light in paſſing 


by the edges and ſides of Bodies, bent ſeveral 
times backwards and forwards, with a motion 
like that of an Eel? And do not the three Frin- 


ges of colour d Light above mention d, ariſe 


from three ſuch bendings? 


Qu. 4. Do not the Rays of Light which: fall 
Upon Bodies, and are reflected or refracted, be- 
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gin to bend before 2 1 at the Bodies: 
e 


» refracted and in. 
flected by one and the fame Principle, acting 


and are they not refle 


variouſly in various Circumſtances ? 


Qu. 5. Do not Bodies and Light act mutually 
upon one another, that is to ſay, Bodies upon 
Light in emitting, reflecting, refracting and in- 
flecting it, and Light upon Bodies for heating 
them, and putting their parts into a vibrating 


motion wherein heat conſiſts? 


u. 6. Do not black Bodies conceive heat 
more eaſily from Light than thoſe of other Co- 
lours do by reaſon that the Light falling on them 
is not reflected outwards, but enters the Bodies 
and is often reflected and refracted within them, 


until it be ſtifled and loſt? 


Qu. 7. Is not the ſtrength and vigour of the 
action between Light and ſulphureous Bodies 
- obſerved above, one reaſon why ſulphureous 
Bodies take fire more readily, and burn more 


vehemently, than other Bodies do? 


Qu. 8. Do not all fix d Bodies when heated 
beyond a certain degree, emit Light and ſhine, 
and is not this Emiſſion perform'd by the vi. 
brating Motions of their parts? And do not all 
Bodies which abound with terreſtrial parts, and 
eſpecially with ſulphureous ones, emit Light 
as often as thoſe parts are ſufficiently agitated; MW 
whether that agitation be made by Heat, or by 
Friction, or Percuſſion, or Putrefaction, or by 
any vital Motion, or any other Cauſe? As for 
inſtance; Sea Water in a raging Storm; Quick- 

ſilver agitated in vacuo; the Back of a Cat, ot 
bbed in 
a dark 


Neck of a Horſe obliquely ſtruck or ru 


"ax 


[ 315 ] 


2 dark place; Wood, Fleſh and Fiſh while they 
[putrefy ; Vapours ariſing from ee Wa- 
ters, uſually call'd [gnes Fatui; 

Hay or Corn growing hot by fermentation 5 
Glow-worms and the Eyes of ſome Animals by 
vital Motions ; the vulgar Phoſphorus agitated 
by the attrition of any Body, or by the acid 
particles of the Air; Ambar and {ome Dia- 
| monds by ſtriking, preſſing or rubbing them; 
Scrapings of Steel ſtruck off with a Flint; Iron 
hammer'd very nimbly till it become fo hot as 
to kindle Sulphur thrown upon it; the Axle- 

trees of Chariots taking fire by the rapid rota- 


tacks of moiſtꝰ | 


tion of the Wheels; and ſome Liquors mix'd 
with one another whoſe Particles come toge- 
ther with an Impetus, as Oil of Vitriol diſtilled 


from its weight of Nitre, and then mix'd with 
| twice its weight of Oil of Annifeeds. So alſo a 


Globe of Glaſs about 8 or 10 Inches in diameter, 


| being put into a Frame where it may be ſwift- 


ly turn'd round its Axis, will in turning ſhine 
where it rubs againſt the palm of ones Hand 
apply'd to it: And if at the fame time a piece 
of white Paper or a white Cloth, or the end of 
ones Finger be held at the diſtance of about a 
quarter of an Inch or half an Inch from that 
part of the Glaſs where it is moſt in motion, 


the eleetrick V 15 which is excited by the 


friction of the Glaſs againſt the Hand, will by 
daſhing againſt the white Paper, Cloth or Fin- 
er, be put into ſuch an agitation as to emit 
ight, and make the white Paper, Cloth or Fin- 
ger, appear lucid like a Glow-worm; and in 


| ruſhing out of the Glaſs will fometimes puſh 


againſt 


— . ——— 


—— 
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againſt the Finger ſo as to be felt. And the Jof the * 
fame things have been found by rubbing a long Ws that 
and large Cylinder of Glaſs or Ambar with a Pr {Wvith fi 
per held in ones hand, and continuing the fri. ¶ that of 
ction till the Glaſs grew warm. 5 Flame 
Qn. 9. Is not Fire a Body heated ſo hot as to {Smoke 
emit Light copiouſſy? For what elſe is a red Mof Fla 
hot Iron than Fire? And what elſe is a burning goes A 
Coal than red hot Wood ? Wy coal Al 
DO. 10. Is not Flame a Vapour, Fume or Ex. Wibe N 
halation heated red hot, that is, ſo hot as to thereb 
thine ? For Bodies do not flame without emit- ¶ Explo 
ting a copious Fume, and this Fume burns in pour 
the Flame. The Ignis Fatuus is a Vapour ſhi- {Wulph 
ning without heat, and is there not the ſame N Vapo 
difference between this Vapour and Flame, as the ae 
between rotten Wood ſhining without heat and Nwhict 
burning Coals of Fire? In diſtilling hot Spirits, Nentrir 
if the Head of the Still be taken off, the Va- Mie: f 
pour which aſcends out of the Still will take fire ¶ cites 
at the Flame of a Candle, and turn into Flame, Iss far 
and the Flame will run along the Vapour from Nitre 
the Candle to the Still. Some Bodies heated by fon 
Motion or Fermentation, if the heat grow in- For 
tenſe, fume copiouſly, and if the heat be great der, 
enough the Fumes will ſhine and become Flame. I fre, 
Metals in fuſion do not flame for want of a co- ¶ quic 
pious Fume, except Spelter, which fumes co- I cann 
iouſly, and thereby flames. All flaming Bo- N *tic 
ies, as Oil, Tallow, Wax, Wood, foſlil Coals, y | 
"he 
tron 
beir 


Pitch, Sulphur, by flaming waſte and vaniſh in- | 
to burning Smoke, which Smoke, if the Flame 
be put out, is very thick and viſible, and ſome- 
times ſmells ſtrongly, but in the Flame loſes is 
3 5 iel 


ſmell by burning, and according to the nature 

of the Smoke the Flame is of ſeveral Colours, 

z5 that of Sulphur blue, that of Copper open'd 
with ſublimate green, that of Tallow yellow, 

that of Camphire white. Smoke paſling through 

Flame cannot but grow red hot, and red hot 
Smoke can have no other appearance than that 
of Flame. When Gun-powder takes fire, it 
goes away into flaming Smoke. For the Char- 
coal and Sulphur eaſily take fire, and ſet fire to 
the Nitre, and the Spirit of the Nitre being 
thereby rarified into Vapour, ruſhes out with 
Exploſion much after the manner that the Va- 
pour of Water ruſhes out of an olipile; the 
dulphur alſo being volatile is converted into 
Vapour, and augments the Exploſion. And 
the acid Vapour of the Sulphur (namely that 
which diſtils under a Bell into Oil of Sulphur) 
„ Wentring violently into the fixt Body of the Ni- 
- ue, ſets looſe the Spirit of the Nitre, and ex- 
e cites a greater Fermentation, whereby the Heat 
, Wis farther augmented, and the fix d Body of the 
n WM Nitre is alſo rarified into Fume, and the Explo- 
ton is thereby made more vehement and quick. 
- W for if Salt of Tartar be mix d with Gun pow- 
t der, and that Mixture be warm'd till it takes 
. fre, the Exploſion will be more violent and 
quick than that of Gun- powder alone; which 
cannot proceed from any other cauſe than the 
„action of the Vapour of the Gun- powder upon 
„ che Salt of Tartar, whereby that Salt is rarified. 
-The Exploſion of Gun powder ariſes therefore 
from the violent action whereby all the Mixture 
being quickly and vehemently heated, is Tn 
ekt 8 an 


way, not only by their fixity, but alſo by the 


_ emptied of Air, that Water in the Vacuum wil 


weight of the incumbent Atmoſphere Keeps 


| boiling, until it grow much hotter than is re- 
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and converted into Fume and Vapour : which 
Vapour, by the violence of that action, bei 
coming ſo hot as to ſhine, appears in the fornliff; 
of Flame. 15 = 

Qn. 11. Do not great Bodies conſerve theirlffi 
heat the longeſt, their parts heating one ang. 
ther, and may not great denſe and fix d Boo. 
dies, when heated beyond a certain degree, ei 
mit Light ſo copiouſly, as by the Emiſſion andi 
Re · action of its Light, and the Reflexions and 
Refractions of its Ray within its Pores to groy 
fill hotter, till it comes to a certain period off 
heat, ſuch as is that of the Sun? And are not 
the Sun and fix d Stars great Earths vehement 
hot, whoſe heat is conſerved by the oreatiel 
of the Bodies, and the mutual Action and Re. 
action between them, and the Light which they 
emit, and whoſe parts are kept from fuming a. 


vaſt weight and denſity of the Atmoſpheres in- 
cumbent upon them, and very ſtrongly com -· Nui 
23 them, and condenſing the Vapours and 
halations which ariſe from them? For if 
Water be made warm in any pellucid Veſſel 


bubble and boil as vehemently as it would in 
the open Air in a Veſlel ſet upon the Fire til 
it conceives a much greater heat. For the 


down the Vapours, and hinders the W ater from 


quiſite to make it boil ia vacuo. Alſo a mix- un 
ture of Tin and Lead being put upon a red hot 
Iron in vacuo emits a Fume and Flame, but the 
| ſame 


[ 319 J 


ame Mixture in the open Air, by reaſon of the 
E:cumbent Atmoſphere, does not fo much as e- 
mit any Fume which can be perceived by Sight. 
In like manner the great weight of the Atmo- 


here which lies upon the Globe of the Sun 


may hinder Bodies there from riſing up and 


wing away from the Sun in the form of Va- 
ours and Fumes, unlefs by means of a far 


greater heat than that which on the Surface of 


our Earth would very eaſily turn them into Va- 


pours and Fumes. And the fame great weight 
may condenſe thoſe Vapours and Exhalations as 


ſon as they ſhall at any time begin to aſcend 
from the Sun, and make them Jenny fall 
back again into him, and by that action increaſe 
his Heat much after the manner that in our 
Farth the Air increaſes the Heat of a culinary 
Fire. And the ſame weight may hinder the 


Globe of the Sun from being diminiſh'd, unleſs 


by the Emiflion of Light, and a very ſmall quan- 


tity of Vapours and: Exhalations. 


Qu. 12. Do not the Rays of Light in falling 
upon the bottom of the Eye excite Vibrations 
in the Tunica Retina rep „be- 
ing propagated along the folid Fibres of the op 
A 118 the Brain, cauſe the Senſe 55 
ſeeing. For becauſe denſe Bodies conſerve their 
Heat a long time, and the denſeſt Bodies con- 
ſerve their Heat the longeſt, the Vibrations of 
their parts are of a laſting nature, and there. 
fore may be propagated along ſolid Fibres of 


uniform denſe Matter to a great diſtance, for 


| conveying into the Brain the impreſſions made 
upon all the Organs of Senſe. For that Motion 
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which can continue long in one and the ſame 
part of a Body, can be propagated a long way 
from one part to another, ſuppoſing the Boy 
homogeneal, ſo that the Motion may not be re. 
flected, refracted, interrupted or diſorder'd h 
any unevenneſs of the Body. 636 

Qu. 13. Do not ſeveral forts of Rays make 
Vibrations of ſeveral bigneſſes, which according 
to their bigneſſes excite Senſations of ſeveral 
Colours much after the manner that the Vibra. 
tions of the Air, according to their ſeveral big 


neſſes excite Senſations of {everal ſounds? And 
particularly do not the moſt refrangible Rays 


excite the ſhorteſt Vibrations for making a Sen. 
ſation of deep violet, the leaſt refrangible the 


Qu. 14. May not the harmony and diſcord of 


Colours ariſe from the proportions of the Vibra- 
tions propagated through the Fibres of the op- 
tick Nerves into the Brain, as the harmony and 
diſcord of Sounds ariſe from the proportions of 
the Vibrations of the Air? For ſome Colours, 
if they be view'd together, are agreeable to one 
another, as thoſe of Gold and Indigo, and others 


diſagree. 15 | 


94.15. Are not the Species of Objects ſeen 
with both Eyes united where the optick Nerves 
meet before they come into the Brain, the Fi- 
bres on the right ſide of both Nerves uniting 
there, and after union going thence into the 
Brain in the Nerve which is on the right fide . 
OE ent rr pl 


2 


the F 


both | 


ter ur 
which 
two N 
ner th 
cles Ol 
of the 
both | 


tick N 
and fr. 
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tick D 
largeſt for making a Senſation of deep red, and 
the ſeveral intermediate ſorts of Rays, Vibra— 

tions of ſeveral intermediate bigneſſes to make 
Senſations of the ſeveral intermediate Colours? 
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he Head, and the Fibres on the left fide of 
both Nerves uniting in the ſame place, and af- 
ter union going into the Brain in the Nerve 
which is on the left ſide of the Head, and theſe 
two Nerves meeting in the Brain in ſuch a man- 


e cies or Picture, half of which on the right {ide 
g Jof the Senſorium comes from the right {ide of 
al Wboth Eyes through the right fide of both op- 


tick Nerves to the place where the Nerves meet, 


into the Brain, and the other half on the left 
tide of the Senſorium comes in like manner 
from the left fide of both Eyes. For the op- 
tick Nerves of ſuch Animals as look the ſame. 
way with both Eyes (as of Men, Dogs, Sheep, 
Dxen, Sc.) meet before they come into the 
Brain, but the optick Nerves of ſuch Animals 


as of Fiſhes and of the Chameleon) do not 


ra- Wicet, if I am rightly inform'd. ES 

p- Qa. 16. When a Man in the dark preſſes either 
nd Horner of his Eye with his Finger, and turns his 
of Wye away from his Finger, he will ſee a Circle 
rs, Wi Colours like thoſe in the Feather of a Pea- 
ne {Wock's Tail. If the Eye and the Finger remain 


ers 
een Wering Motion they appear again. Do not theſe 
ves 
Fi- 
ing 
the 
of 
cond 


ner that their Fibres make but one entire Spe- 


and from thence on the right ſide of the Head 


vs do not look the ſame way with both Eyes 


quiet theſe Colours vaniſh in a ſecond Minute of 
lime, but if the Finger be moved with a qua- 


olours ariſe from ſuch Motions excited in the 
bottom of the Eye by the Preſſure and Motion 
It the Finger, as at other times are excited 
here by Light for cauſing Viſion ? And do not 
te Motions once excited continue about a Se- 


_ thence in concentrick Circles upon the Surface 


thereby excited in the refracting or reflecting 


When they are excited in the bottom of the Eye bj 
the Preſſure or Motion of the Finger, or by the 
Light which comes from the Coal of Fire in the 


cond of Time before they ceaſe ? And when 1 


Man by a ſtroke upon his Eye ſees a flaſh of 


Light, are not the like Motions excited in the 
Retina by the {troke ? And when a Coal of Fire 
moved nimbly in the circumference of a Cir. 
cle, makes the whole circumference appear like 


a Circle of Fire, Is it not becauſe the Motions 


excited in the bottom of the Eye by the Ray 
'of Light are of a laſting nature, and continue 
till the Coal of Fire in going round returns to 
its former place? And, conſidering the laſting- 
neſs of the Motions excited in the bottom of 
the Eye by Light, are they not of a vibrating 
nature ? RED 
Qu. 17. If a Stone be thrown into ſtagnating 
Water, the Waves excited thereby continue 
ſome time to ariſe in the place where the Stone 
fell into the Water, and are propagated from 


of the Water to great diſtances. And the Vi- 
brations or Tremors excited in the Air by per- 
cuſſion, continue a little time to move from the 
place of percuſſion in concentrick Spheres to 

reat diſtances. And in like manner, when a 
Ray of Light falls upon the Surface of any pen. 
lucid Body, and is there refracted or reflected: 
may not Waves of Vibrations, or Tremors, be 


Medium at the point of Incidence, and continue 


to ariſe there, and to be propagated from thence 
as long as they continue to ariſe and be propagated 
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Experiments above mention'd? And are not theſe 
Vibrations propagated from the point of Inci- 
fence to great diſtances? And do they not o- 


them ſucceſſively, do they not put them into 
he Fits of eaſy Reflexion and eaſy Tranſmiſſion 
jeſcrib'd above? For if the Rays endeavour to 
recede from the denſeſt part of the Vibration, 
they may be alternately accelerated and retard- 
to Wd by the Vibrations overtaking them. 

8. 2s. 18. If in two large tall cylindrical Veſ- 
els of Glaſs inverted, two little Thermometers 


nd theſe Veſſels thus prepared be carried out 
f a cold place into a warm one; the Thermo- 
eter in vacuo will grow warm as much, and 
Imoſt as ſoon as the Thermometer which is 
ot iz vacuo. And when the Veſſels are carri- 
d back into the cold place, the Thermometer 
1 vacuo will grow cold almoſt as ſoon as the 


he Vibrations of a much ſubtiler Medium than 
Air, which after the Air was drawn out remain- 


me with that Medium by which Light is re- 
ated and reflected, and by whpſe Vibrations 
ight communicates Heat to Bodies, and is 
ut into Fits of eaſy Reflexion and eaſy Tranſ- 
mffion? And do not the Vibrations of this Me- 


bodies communicate their Heat to contiguous 


ertake the Rays of Light, and by overtaking 


ſuſpended ſo as not to touch the Veſſels, and 
he Air be drawn out of one of theſe Veſſels, 


ther Thermometer. Is not the Heat of the 
arm Room convey'd through the Vacuum by 


d in the Vacuum? And is not this Medium the 


um in hot Bodies contribute to the intenſeneſs 
nd duration of their Heat? And do not hot 


T3... cold 
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cold ones, by the Vibrations of this Medium 
propagated from them into the cold ones? And 
15 not this Medium exceedingly more rare and 
{ubtile than the Air, and exceedingly more ela. 
{lick and active? And doth it not readily per. 
vade all Bodies? And is it not (by its elaſtick 
force) expanded through all the Heavens ? 

94.19. Doth not the Refraction of Light 
proceed from the different denſity of this Athe. 
real Medium in different places, the Light re. 
ceding always from the denſer parts of the Me. 


dium? And is not the denſity thereof greater 


in free and open Spaces void of Air and other 
groſſer Bodies, than within the Pores of Wa. 


ter, Glaſs, Cryſtal, Gems, and other compact 


Bodies? For when Light paſſes through Glaſs 
or Cryital, and falling very obliquely upon the 
farther Surface thereof 1s totally reflected, the 
total Reflexion ought to proceed rather from 
the denſity and vigour of the Medium without 
and beyond the Glaſs, than from the rarity and 
weakneſs thereof. ” 

Qu. 20. Doth not this Athereal Medium in 
pailing out of Water, Glaſs, Cryſtal, and other 


compact and denſe Bodies into empty Spaces, 


grow denſer and denſer by degrees, and by 


that means refract the Rays of Light not in a 
point, bur by bending them gradually in curve 
Lines? And doth not the gradual condenſa- 
tion of this Medium extend to ſome diltance 
from the Bodies, and thereby cauſe the Intle: 
Xions of the Rays of Light, which paſs by the 
edges of denſe Bodies, at ſome diſtance from 


N 


the Bodies. 
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W. 21. Is not this Medium much rarer with- 
in the denſe Bodies of the Sun, Stars, Planets 
and Comets, than in the empty celeſtial Spaces 
between them? And in paſling from them to 
great diſtances, doth it not grow denſer and 


kl denſer perpetually, and thereby cauſe the gra- 

vity of thoſe great Bodies towards one another, 
it MW and of their parts towards the Bodies; every 
e. Body endeavouring to go from the denſer parts 
e-Mofthe Medium towards the rarer? For if this 
e- 


agg as be rarer within the Sun's Body than ar 
its Surface, and rarer there than at the hun- 
dredth part of an Inch from its Body, and ra- 
a. rer there than at the fiftieth part of an Inch from 
cis Body, and rarer there than at the Orb of 
als turn; I fee no reaſon why the Increaſe of 
denſity ſhould ſtop any where, and not rather 
hebe continued through all diſtances from the Sun 
omWto Saturn, and beyond. And though this In- 
outWcreaſe of denſity may at great diſtances be ex- 
ndceeding flow, yet if the elaſtick force of this 
Medium be exceeding great, it may ſuffice to 
impel Bodies from the denſer parts of the Me- 
dium towards the rarer, with all that power 
which we call Gravity. And that the elaſtick 
force of this Medium is excceding great, may 
be gathered from the ſwiftneſs of its Vibrations. 
dounds move about 1140 £Znzlifþ Feet in a ſe- 


nia-Wcond Minute of Time, and in ſeven or cight 
wy Minutes of Time they move about one hundred 
afle 


Engliſh Miles. Light moves from the Sun to 
us in about ſeven or eight Minutes of Time, 
Fhich diſtance is about 70000000 Erglih Miles, 
luppoſing the horizontal Farillax of the Sun bg 

3 be 


i 
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be about 12”. And the Vibrations or Pulſes of 
this Medium, that they may cauſe the alternate 
Fits of eaſy Tranſmiſſion and eaſy Reflexion, 
mult be ſwifter than Light, and by conſequence 


above 700000 times ſwifter than Sounds. And 


therefore the elaſtick force of this Medium, in 


proportion to its denſity, mult be above 700000 


X 700000 (that is, above 490000200000) 


times greater than the elaſtick force of the Air 


is in proportion to its denſity. For the Velocities 
of the Pultes of elaitick Mediums are in a fub- 


duplicate Ratio of the Elaſticities and the Rari- 


ties of the Mediums taken together. 

As Attraction is ſtronger in ſmall Magnets 
than in great ones in proportion to their bulk, 
and Gravity is greater in the Surfaces of ſmall 
Planets than in thoſe of great ones in propor- 
tion to their bulk, and ſmall Bodies are agita- 
ted much more by electric attraction than great 
ones; ſo the ſmallneſs of the Rays of Light 
may contribute very much to the power ot 
the Agent by which they are refracted. And 
ſo if any one ſhould ſuppoſe that AÆther (like 
our Air) may contain Particles which endeavour 
to recede from one another (for I do not know 


What this Ather is) and that its Particles are 


exceedingly fmaller than thoſe of Air, or even 
than thote of Light: The exceeding ſmallnels 
of its Particles may contribute to the greatnels 
of the force by which thoſe Particles may re- 


cede from one another, and thereby make that 


Medium exceedingly more rare and elallick 
than Air, and by conſequence exceeding]y lei 
able to reſiſt the motions of Projettiles, and 

e exceed. 
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exceedingly more able to preſs upon groſs Bo- 
dies, by endeavouring to expand it ſelf. 
Qu. 22. May not Planets and Comets, and all 


grols Bodies, perform their Motions more free- 


ly, and with leſs reſiſtance in this Athereal Me- 
dium than in any Fluid, which fills all Space ade- 
quately without leaving any Pores, and by conſe- 
quence is much denſer than Quick ſilver or Gold? 
And may not its reſiſtance be ſo ſmall, as to be 
inconſiderable? For inſtance; If this Ather (for 
ſo I will call it) ſhould be ſuppoſed 7o00c0 
times more elaitick than our Air, and above 


700000 times more rare; its reſiſtance would 
be above 600000000 times leſs than that of Wa- 


ter. And ſo imall a reſiſtance would ſcarce 
make any ſenſible alteration in the Motions of 
the Planets in ten thouſand Years. If any one 
would ask how a Medium can be fo rare, let 
him tell me how the Air, in the upper parts of 
the Atmoſphere, can be above an hundred thou- 
ſand thouſand times rarer than Gold, Let him 
alſo tell me, how an electrick Body can by Fri- 


ction emit an Exhalation fo rare and ſubtle, and 


yet ſo potent, as by its Emiſſion to cauſe no 
ſenſible Diminution of the weight of the cle- 
rick Body, and to be expanded through a 
Sphere, whoſe Diameter is above two Feet, and 
yet to be able to agitate and carry up Leaf Cop- 
per, or Leaf Gold, at the diſtance of above a 
Foot from the electrick Body? And how the 
Effluvia of a Magnet can be fo rare and ſubtile, 
as to paſs though a Plate of Glaſs without any 


Reſiſtance or Diminution of their Force, and 


yet ſo potent as to turn a magnetick Needle be- 
yond the Glaſs ? 2 
1 


14 
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Qu. 23. Is not Viſion perform'd chiefly by the 
Vibrations of this Medium, excited in the bot. 
tom of the Eye by the Rays of Light, and pro- 
pagated through the ſolid, pellucid and uniform 
Capillamenta of the optick Nerves into the place 
of Senſation? And is not Hearing performed 
by the Vibrations either of this or ſome other 


Medium, excited in the auditory Nerves by the 


Tremors of the Air, and propagated through 


the ſolid, pellucid and uniform Capillamenta of 


thoſe Nerves imo the place of Senſation? And 
ſo of the other Senſes. 

Q 24. Is not Animal Motion perform'd by 
the Vibrations of this Medium, excited in the 
Brain by the power of the Will, and propaga- 
ted from thence through the ſolid, pellucid and 
uniform Capillamenta of the Nerves into the 
Muſcles, for contracting and dilating them? ! 
ſuppoſe that the Capillamenta of the Nerves are 
each of them ſolid and uniform, that the vibra- 
ting Motion of the Æthereal Medium may be 
propagated along them from one end to the o- 
ther uniformly, and without interruption: For 
Obſtructions in the Nerves create Palſies. And 
that they may be ſufficiently uniform, I ſuppoſe 
them to be pellucid when view'd ſingly, tho 
the Reflexions in their cylindrical Surfaces may 
make the whole Nerve (compoſed of many Ca- 
pillamenta) appear opake and white. For opaci- 


90 ariſes from reflecting Surfaces, ſuch as may di- 


urb and interrupt the Motions of this Medium. 
Qu. 25. Are there not other original Proper- 
ties of the Rays of Light, beſides thoſe alrea- 
dy deſcribed? An inſtance of another original 
Property 
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property we have in the Refraction of Iſland 

Cryſtal, deſcribed firſt by Eraſmus Bartholine, 

und afterwards more exactly by Hugenins, in 

n is Book De la Lumiere, This Cryſtal is a pel- 

e Ducid fiſſile Stone, clear as Water or Cryſtal of 
d Wc Rock, and without Colour; enduring a red 


r Neat without loſing its tranſparency, and in a 
e ery ſtrong Heat calcining without Fuſion. 
h teep'd a Day. or two in Water, it loſes its na- 
F Mural Poliſh. Being rubb'd on Cloth, it attracts 


pieces of Straws and other light things, like Am- 
bar or Glaſs; and with Agua fortzs it makes an 
Fbullition. It ſeems to be a ſort of Talk, and 
is found in form of an oblique Parallelopiped, 


a. With fix parallelogram Sides and eight ſolid An- 
d Wiles. The obtuſe Angles of the Parallelograms 
ne Were each of them 101 Degrees and 52 Minutes; 


the acute ones 78 Degrees and 8 Minutes. T WW 
f the ſolid Angles oppoſite to one another, as 
C and E, are compaſſed each of 5 
them with three of theſe obtuſe 33 
Angles, and each of the other 
ix with one obtuſe and two acute ones. It 


or 

nd leaves eaſily in Planes parallel to any of its 
fe ides, and not in any other Planes. Ir cleaves 
10' With a gloſſy polite Surface not perfectly plane, 
ay ut with, ſome little unevenneſs. It is cally 
a- eratch'd, and by reaſon of its ſoftneſs it takes 


Poliſh very dithcultly. It poliſhes better up- 
on poliſh'd Looking-glaſs than upon Metal, and 
perhaps better upon Pitch, Leather or Parch- 


ent. Afterwards it mutt be rubb'd with a 
ea- ittle Oil or White of an Egg, to fill up its 
nal eratches; whereby it will become very tranſ- 
14 - = Parent. 
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cryſtalline Stone be laid upon a Book, ever 


dence out of Air into this Cryſtal being to ti, 


Refraction, which may be called the unuſull 
Refraction, is perform'd by the following Rule. 
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parent and polite. But for ſeveral Experiment 
it is not neceſſary to poliſh it. If a piece of thi 


Letter of the Book ſeen through it will aper lod 
double, by means of a double Refraction. An; a A 
if any beam of Light falls either perpendicular... 
or in any oblique Angle upon any Surface of ., 
Cryſtal, it becomes divided into two beams HH r 


| 


means of the ſame double Refraction. Whic 
beams are of the ſame Colour with the incider 
beam of Light, and ſeem equal to one anothe 
in the quantity of their Light, or very near 
equal. One of theſe Refractions is perform! 
by the uſual Rule of Opticks, the Sine of Inc 


In any 
let 


Sine of Refraction, as five to three. The othe 


* 


A 


F 


Let ADB C repreſert the refracting Surface 
- | 0 


2 


E 
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the Cryſtal, C the biggeſt ſolid Angle at that 
vurface, GEUf the oppoſite Surface, and CK 
perpendicular on that Surface. This perpen- 
licular makes with the edge of the Cryſtal CF, 
un Angle of 19 Degr. 3'. Join KF, and in it 
ke K L, ſo that the Angle K CL be 6 Degr. 
0“ and the Angle LC F 12 Degr. 237. And if 
T repreſent any beam of Light incident at T 
n any Angle upon the refracting Surface AD BC, 
et T V be the refracted beam determin'd by 
the given Proportion of the vines 5 to 3, accord- 


parallel and equal to K L. Draw it the ſame 
Way from V in which L lieth from K; and 
joining T X, this line TX ſhall be the other re- 
fracted beam carried from I to X, by the un- 
Wiſual Refraction. 

If therefore the incident beam 8 T be per- 
pendicular to the refracting Surface, the two 
beams TV and ITX, into which it ſhall be- 
come divided, ſhall be parallel to the lines CK 
and CL; one of thoſe beams going through 


by the uſual Laws of Opticks, and the other 
X by an unuſual Refraction diverging from 


ole VI' X of about 65 Degrees, as is found by 
experience. Andehence, the Plane VTX, and 


CF K, may be called the Planes of perpendicu- 


the lines K L and V are drawn, may be call'd 
the Coaſt of an unuſual Refraction. 
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ing to the uſual Rule of Opticks. Draw VX 


he Cryſtal perpendicularly, as it ought to do 
the perpendicular, and making with it an An- 


luch like Planes which are parallel to the Plane 


lar Refraction. And the Coalt towards which 


| In like manner Cryſtal of the Rock has a 
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double Refraction: But the differences of thei 
two Refractions is not ſo great and manifeſt ;; 


in Iſland Cryſtal. 


When the beam S T incident on Iſland Cry. d 


ſtal, is divided into two beams T'V and T Y 


and theſe two beams arrive at the farther Sur. 


face of the Glaſs; the beam T V, which waz 
refracted at the firſt Surface after the uſual man. 
ner, ſhall be again refracted entirely after the 
uſual manner at the ſecond Surface ; and the 
beam TX, which was refracted after the uny- 


ſual manner in the firſt Surface, ſhall be again 


refracted entirely after the unuſual manner in 
the ſecond Surface ; ſo that both theſe beams 
ſhall emerge out of the ſecond Surface in lines 
parallel to the firſt incident beam 8S I. 

And if two pieces of Ifland Cryſtal be plz 
ced one after another, in ſuch manner that all 


the Surfaces of the latter be parallel to all the 


correſponding Surfaces of the former: The 
Rays which are refracted after the uſual man- 
ner in the firſt Surface of the firſt Cryſtal ſhal 
be refracted after the uſual manner in all the 


following Surfaces ; and the Rays which are re- 


fracted after the unuſual manner in the firſt Sur- 
face, ſhall be refracted after the unuſual manner 


in all the following Surfaces. And the ſame 
thing happens, though the Surfaces of the Cry- 


{tals be any ways inclined to one another, pro- 
vided that their Planes of perpendicular Refra- 

ction be parallel to one another. 
And therefore there is an original difference 
in the Rays of Light, by means of which ſome 
Rays are in this Experiment conſtantly ref 
A 


ther, 
tion 
other 
unuſt 
two ! 
In th 
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ed after the uſual manner, and others conſtant- 
y after the unuſual manner: For if the diffe- 
rence be not original, but ariſes from new Mo- 
y. {Weifications impreſs'd on the Rays at their firſt 
\ Wkefraciion, it would be alter'd by new Modifi- 
ir. Wcations in the three following Refractions ; 
725 Whereas it ſuffers no alteration, but is conſtant, 
m-: and has the ſame effect upon the Rays in all the 
he Refractions. The unuſual Refraction is there- 
he fore perform'd by an original property of the 
u-: Rays. And it remains to be enquired, whether 
ain the Rays have not more original Properties than 
in Ware yet diſcover'd. ; 
ml 9s. 26. Have not the Rays of Light ſeveral 
nes des, endued with ſeveral original Properties? 
or if the Planes of perpendicular Refraction 
pla- of the ſecond Cryſtal, be at right Angles with 
al the Planes of perpendicular Refraction of the 
firſt Cryſtal, the Rays which are refracted after 
the uſual manner in paſſing through the firſt 
Cryſtal, will be all of them refracted after the 
unuſual manner in paſſing through the ſecond 
Cryſtal; and the Rays which are refracted af- 


re- ter the unuſual manner in paſling through the 
ur: MWirlt Cryſtal, will be all of them refracted after 
ner Wile uſual manner in paſſing through the ſecond 
ame Mcryital. And therefore there are not two ſorts 
y- Wo! Rays differing in their nature from one ano- 
pro- Itber, one of which is conſtantly and in all Po- 


ſtions refracted after the uſual manner, and the 


unuſual manner. The difference between the 
wo forts of Rays in the Experiment mention'd 
n the 25th Queſtion, was only in the FOE 
| x O 


other conſtantly and in all Poſitions after the 


the Ray to be refracted after the unuſual man 
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of the Sides of the Rays to the Planes of per. Wand: 
1 Refraction. For one and the ſame Hefore 

ay is here refracted ſometimes after the uſuz|Wourth 
and ſometimes after the unuſual manner, ac. d no 
cording to the Poſition which its Sides have tofſWractic 
the Cryſtals. If the ſides of the Ray are poſi.Whole 
ted the ſame way to both Cryſtals, it is refrad. Nhe ſa 
ed after the ſame manner. in them both: Bu ears 
if that fide of the Ray which looks towardsſrigin 
the Coaſt of the unuſual Refraction of the firi{Metrac 
Cryſtal, be 90 Degrees from that fide of the ions 
ſame Ray which looks towards the Coaſt of the n the 
unuſual Refraction of the ſecond Cryſtal, (whichWem : 
may be effected by varying the Poſition of theſWouſu: 
ſecond Cryſtal to the firſt, and by conſequence nuſu⸗ 
to the Rays of Light) the Ray ſhall be retracted C 
after ſeveral manners in the ſeveral Cryſtas ab o 
There is nothing more required to determine Eve 
whether the Rays of Light which fall upon the te 8 
ſecond Cryſtal, ſhall be refracted after the uſualW" wh 
or after the unuſual manner, but to turn aboutſWe ot 
this Cryſtal, ſo that the Coaſt of this Cryſta at ! 
unuſual Refraction may be on this or on that 
| fide of the Ray. And therefore every Ray may 
be conſider'd as having four Sides or Quarters, 
two of which oppoſite to one another incline 


ner, as often as either of them are turn'd to 
wards the Coalt of unuſual Refraction; and the 
other two, whenever either of them are turn'd 
towards the Coalt of unuſual Refraction, do nol 
incline it to be otherwiſe refracted than after 
the uſual manner. The two firſt may there- 
fore be call'd the Sides of unuſual n | 
An 
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+ Wand fince theſe Diſpoſitions were in the Rays 
ne efore their Incidence on the ſecond, third and 
al, Wourth Surfaces of the two Cryſtals, and ſuffer- 
0. d no alteration (ſo far as appears) by the Re- 
to raction of the Rays in their patlage through 
joſe Surfaces, and the Rays were refracted by 
c. 
ut 
rds 
rk 
the 
the 
uch 
the 
nce 
ted 
tals, 


riginally, and ſuffer' d no alteration by the firſt 


ons the Rays were refracted at their Incidence 
n the firſt Surface of the firſt Cryſtal, ſome of 
hem after the uſual, and ſome of them after the 
nuſual manner, accordingly as their Sides of 
nuſual Refraction were then turn'd towards 
he Coaſt of the unuſual Refraction of that Cry- 
al, or ſideways from it. Es 
Every Ray of Light has therefore two oppo- 


Une 
thelde Sides, originally endued with a Property 
ua which the unuſual Refraction depends, and 


douth 
{tal's 
that 
may 
ters, 
cline 
man- 
J to- 
d the] 
urn d 
O nol 
after 
here- 
ction. 
And 


he other two oppoſite Sides not endued with 
hat Property. And it remains to be enquired, 
hether there are not more Properties of Light 
which the Sides of the Rays differ, and are 
iſtinguiſn'd from one another. 
In explaining the difference 


defraction, and that by means of thoſe Diſpoſi- 


he ſame Laws in all the four Surfaces; it ap- 
ears that thoſe Diſpoſitions were in the Rays 


of the Sides of 
he Rays abovemention'd, I have ſuppoſed that 
be Rays fall perpendicularly on the firſt Cry- 
$al. But if they fall obliquely on it, the Suc- 
cls is the ſame. Thoſe Rays which are refract- 
d after the uſual manner in the firſt Cryſtal, 
u be refracted after the unuſual manner in 
ve ſecond Cryſtal, ſuppoſing the Planes of per- 
endic ular Refraction to be at right Angles with 
one 


4 


pendicular to one another, but contain an acute 


vided into two more at their Incidence. on the 
ſecond Cryſtal. For in this caſe the Rays ini 


of the unuſual Refraction of the ſecond Ci 


which have hitherto been invented for explain 
tions of the Rays? For thoſe Phenomena de- 


ſuppoſed, but upon the original and unchange- 


dium? For in all theſe Hypotheſes, the Phæno 
mena of Light have been hitherto explain'd b 
ſuppoſing that they ariſe from new Moditica 


ble to agitate and heat the Bodies which refraa//, 


uire an infinite force every moment, in ever 
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one another, as above; and on the contrary, Whinir 


If the Planes of the perpendicular Refractiol if it « 
of the two Cryſtals be neither parallel nor per. Nted e 


Angle: The two beams of Light which emerge Hanne 
out of the firſt Cryſtal, will be each of them d. 


each of the two Beams will ſome of them have 
their Sides of unuſual Refraction, and ſome 9 
them their other Sides turn'd toward the Coal 


{tal. 
Qu. 27. Are not all Hypotheſes erroneouſſh; 


ing the Phenomena of Light, by new ModificaW 
pend not upon new Modifications, as has been 


able Properties of the Rays. _ 
Qu. 28. Are not all Hypotheſes erroneous 
in which Light is ſuppoſed to conſiſt in Pre 
lion or Motion, propagated though a fluid Me 


tions of the Rays ; which is an erroneous oup 
polition. « „ 5 

If Light conſiſted only in Preſſion propagi 
ted without actual Motion, it would not be a 


and reflect it. If it conſiſted in Motion propa 
gated to all diſtances in an inſtant, it would re 


ſnining 
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Mining Particle, to generate that Motion. And 
if it conſiſted in Preſſion or Motion, propaga- 
ted either in an inſtant or in time, it would 
bend into the Shadow. For Preſſion or Motion 


reeMcannot be propagated in a Fluid in right Lines 
d-Mbeyond an Obſtacle which ſtops part of the Mo- 
theton, but will bend and ſpread every way into 
the quieſcent Medium which lies beyond the 


Obſtacle. Gravity tends downwards, but the 


very way with equal force, and is propagated 
vs readily, and with as much force, ſideways as 
downwards, and through crooked paſſages as 
through {trait ones. The Waves on the Surface 
If ſtagnating Water, paſſing by the ſides of a 
fies broad Obſtacle which ſtops part of them, bend 
Witerwards and dilate themſelves gradually into 
the quiet Water behind the Obſtacle. The 


Ir a Panon may be heard beyond a Hill which 


Me ntercepts the fight of the ſounding Body, and 
nod ounds are propagated as readily through crook- 
1 Ved Pipes as through ſtreight ones. But Light 
itica 


never known to follow crooked Paſlages nor 
to bend into the Shadow. For the fix'd Stars 
by the Interpoſition of any of the Planets ceaſe 
to be ſeen. And ſo do the Parts of the Sun 
dy the Interpoſition of the Moon, Mercury or 
Venus. The Rays which paſs very near to the 
edges of any Body, are bent a little by the action 
of the Body, as we ſhew'd above; but this 


-veMoendivg is not towards but from the Kundan 


Preſſure of Water ariſing from Gravity tends 


aves, Pulſes or Vibrations of the Air, where- 
in Sounds conſiſt, bend manifeſtly, though not 
ſo much as the Waves of Water. For a Bell 
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and is perform'd only in the paſlage of the Ry on | 


by the Body, and at a very {mall diſtance from then 
it. So ſoon as the Ray is paſt the Body, ii and 
goes right on. ; | | ning 

To explain the unuſual Refraction of Iſland WM then 


Cryftal by Preſſion or Motion propagated, haz this 


not hitherto been attempted (to my knowledge) elſe 
except by Huygens, who for that end ſuppoſed MW A 
two ſeveral vibrating Mediums within that Cy. A 
ſtal. But when he tried the Refractions in two potl 
ſucceſſive pieces of that Cryſtal, and found of e 
them ſuch as is mention'd above: He confel. I pert 
ſed himſelf at a loſs for explaining them. For Spas 


Preſſions or Motions, propagated from a ſhining that 


Body through an uniform Medium, muſt be 
on all ſides alike ; whereas by thoſe Experi- 
ments it appears, that the Rays of Light have 
difterent Noreen in their different Sides, 


ſing through the firſt Cryſtal might receive cei- 
tain new Modifications, which might determine 
them to be propagated in this or that Medium 
within the ſecond Cryſtal, according to the 
2 Poſition of that Cryſtal 
7035 by 7 But what Modifications 
. 15 Fl $6 thoſe might be he could 
zisfaſſe. C. H. de 1alumi- not ſay, nor think of any 
ere. c. 5. p. 91. thing ſatisfactory in that 
—— Point. And if he had 
known that the unuſual Refraction depends not 


on new Modifications, but on the original aud I 
unchangeable Diſpoſitions of the Rays, he would riſc 
have found it as difficult to explain how thoſeſ the 


Diſpoſitions which he ſuppoſed to be impreſsdi of 
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on the Rays by the firſt Cryſtal, could be in 
them before their Incidence on that Cryſtal; 
| and in general, how all Rays emitted by ſhi- 
| ning Bodies, can have thoſe Diſpoſitions in 

| them from the beginning. 'To me, at leaſt, 
this ſeems inexplicable, if Light be nothing 
elſe * Preſſion or Motion propagated through 
Ather. 


And it is as difficult to explain by theſe Hy- 


potheſes, how Rays can be alternately in Fits 
| of eaſy Reflexion and eaſy Tranſmiſſion; unleſs 
| perhaps one might ſuppoſe that there are in all 
| Space two Ethereal vibrating Mediums, and 


that the Vibrations of one of them conſtitute 


| Light, and the Vibrations of the other are ſwift- 


er, and as often as they overtake the Vibrations 
of the firſt, put them into thoſe Fits. But how 


one of which acts upon the other, and by con- 


ſhattering, diſperſing and confounding one an- 
others Motions, is inconceivable. And againſt 
filling the Heavens with fluid Mediums, unlefs 


from the regular and very laſting Motions of 
the Planets and Comets in all manner of Courſes 
through the Heavens. For thence it is mani- 
feſt, that the Heavens are void of all ſenſible 
Reſiſtance, and by conſequence of all ſenſible 
Matter. : 1 8 

For the reſiſting Power of fluid Mediums a- 
nes partly from the Attrition of the Parts of 
the Medium, and partly from the Ji inertiæ 


of the Matter. That part of the Reſiſtance of 


£ a ſphe- 


two Athers can be diffuſed through all Space, 


ſequence is re-acted upon, without retarding, 


they be exceeding rare, a great Objection ariſes 


—— IE INT 
— 2 * 1 2 * 


ſiſtance which ariſes from the Vis inertiæ of 
the Matter, is as the Square of that Fa&uy, 


Bodies of a competent Magnitude moving in 


ſing the Denſity of the Medium. And for theſe 


quors which differ not much in Denſity, as Wa— 


Oil, differ not much in Reſiſtance. Water is 
thirteen or fourteen times lighter than Quick- 
filver, and by conſequence thirteen or fourteen 
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a ſpherical Body which ariſes from the Attri. 
tion of the Parts of the Medium is very nearly 
as the Diameter, or at the moſt, as the Factun 
of the Diameter, and the Velocity of the ſphe- 


rical Body together. And that part of the Re. 


And by this difference the two ſorts of Refi 
{tance may be diſtinguiſh'd from one another 
in any Medium; and theſe being diſtinguiſh's, 
1t will be found that almoſt all the Reſiſtance of 


Air, Water, Quick ſilver, and ſuch like Fluids 
with a competent Velocity, ariſes from the Vi 
iuertiæ of the Parts of the Fluid. 

Nou that part of the reſiſting Power of any 
Medium which ariſes from the Tenacity, Fri- 
Ction or Attrition of the Parts of the Medium, 
may be diminiſh'd by dividing the Matter into 
ſmaller Parts, and making the Parts more ſmooth 
and ſlippery: But that part of the Reſiſtance 
which arifes from the Vis inertiæ, is proportio- 
nal to the Denſity of the Matter, and cannot be 
diminiſh'd by dividing the Matter into ſmaller 
Parts, nor by any other means than by decrea- | 


Reaſons the Denſity of fluid Mediums is very 
nearly proportional to their Reſiſtance. Li- 


ter, Spirit of Wine, Spirit of Turpentine, hot 


times rarer, and its Reſiſtance is lefs than by 
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ly MW of Quick-filver in the fame Proportion, or there- 
1 @ abouts, as I have found by Experiments made 
e- W with Pendulums. The open Air in which we 


e- breathe is eight or nine hundred times lighter 


ok than Water, and by conſequence eight or nine 
n. hundred times rarer, and accordingly its Reſi- 
i- ſtance is leſs than that of Water in the ſame 
er Proportion, or thereabouts; as I have alſo found 
by Experiments made with Pendulums. And in 
thinner Air the reſiſtance is {till leſs, and at 
length, by rarifying the Air, becomes inſenſi— 
ble. For ſmall Feathers falling in the open Air 
meet with great Reſiſtance, but in a tall Glaſs 
well emptied of Air, they fall as faſt as Lead or 


the Reſiſtance ſeems ſtill to decreaſe in propor- 
tion to the denſity of the Fluid. For I do not 
find by any Experiments, that Bodies moving 


other ſenſible Reſiſtance than what ariſes from 
the Denſity and Tenacity of thoſe ſenſible Flu- 


ids, and all other Spaces, were filled with a 
ea- W denſe and ſubrile Fluid. Now if the Reſiſtance 
ele in a Veſſel well emptied of Air, was but an 


ery hundred times leſs than in the open Air, it 


Li- would be about a million of times lefs than in 
Va- Quick-filver. But it ſeems to be much lefs in 


hot Wiſuch a Veſſel, and {till much leſs in the Hea- 
r 1s rens, at the height of three or four hundred 


ck- Miles from the Earth, or above. For Mr. Boyle 


cen I bas ſhew'd that Air may be rarified above ten 
that thouſand times in Veſſels of Glaſs; and the 


ol W Heavens are much emptier of Air than any Va- 


2 3 cuum 


Gold, as I have ſeen tried ſeveral times. Whence 


in Quick-filver, Water or Air, meet with any 


ids, as they would do if the Pores of thoſe Flu- 
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cuum we can make below. For ſince the Ait 
is compreſs'd by the weight of the incumbent 


Atmoſphere, and the denſity of Air is propor. | 


tional to the Force compreſling it, it follows 


by Computation, that at the height of about ſe. 


ven Engliſh Miles from the Earth, the Air is 


four times rarer than at the Surface of the | 
Earth; and at the height of 14 Miles, it is fix- | 
teen times rarer than that at the Surface of the | 
Earth; and at the height of 21, 28, or 35 Miles, | 
it is reſpectively 64, 156, or 1924 times rarer, | 
or thereabouts ; and at the height of 70, 140, 
210 Miles, it is about to0000D, I000000000000 | 
Or I000000000000000000 times rarer; and ſo 


ON. 


Heat promotes Fluidity very much, by dimt- 
niſhing the Tenacity of Bodies. It makes ma- | 
ny Bodies fluid which are not fluid in cold, and 
increaſes the Fluidity of tenacious Liquids, as 
of Oil, Balſam and Honey, and thereby de- 
creaſes their Reſiſtance. But it decreaſes not 
the Reſiſtance of Water conſiderably. as it would 
do if any conſiderable part of the Reſiſtance of 
Water aroſe from the Attrition or Tenacity of 
its Parts. And therefore the Reſiſtance of Wa- 
ter ariſes principally and almoſt entirely from 


the Vis inertiæ of its Matter; and by confe- 
quence, if the Heavens were as denſe as Wa. 


ter, they would not have much leſs Reſiſtance 
than Water; if as denſe as Quick-filver, they 
would not have much leſs Reſiſtance than Quick- 


ſilver; if abſolutely denſe, or full of Matter 
without any Vacuum, let the Matter be neye! 
lo ſubtile and fluid, they would have a greater 
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Reſiſtance than Quick-filver. A ſolid Globe in 
ſuch a Medium would loſe above half its Mo- 


tion 1n moving three times the length of its 
Diameter, and a Globe not ſolid {ſuch as are 


the Planets) would be retarded ſooner. And 


therefore to make way for the regular and laſt- 
ing Motions of the Planets and Comets, it's ne- 


ceſſary to empty the Heavens of all Matter, ex- 


cept a ſome very thin Vapours, Steams 
or Effluvia, ariſing from the Atmoſpheres of the 
Earth, Planets and Comets, and from ſuch an 
exceedingly rare Æthereal Medium as we de- 
ſcribed above. A denſe Fluid can be of no uſe 
tor explaining the Phenomena of Nature, the 
Motions of the Planets and Comets being better 


explain'd without it. It ſerves only to diſturb 
and retard the Motions of thoſe great Bodies, 


and make the Frame of Nature languiſh: And 
in the Pores of Bodies, it ſerves only to ſtop 
the vibrating Motions of their Parts, wherein 
their Heat and Activity conſiſts. And as it is 
of no uſe, and hinders the Operations of Na- 
ture, and makes her languiſh, fo there is no e- 
vidence for its Exiſtence, and therefore it ought 


to be rejected. And if it be rejected, the Hy- 


potheſes that Light conſiſts in Preſſion or Mo- 
tion propagated through ſuch a Medium, are 
rejected with it. OY nd 

And for rejecting ſuch a Medium, we have 


the Authority of thoſe the oldeſt and moſt ce- 
lebrated Philoſophers of Greece and Ph nicia, 


who made a Vacuum and Atoms, and the Gra- 
vity of Atoms, the firſt Principles of their Phi- 
loſophy; tacitly attributing Gravity to ſome o- 
2 4 e 
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ther Cauſe than denſe Matter. Later Philoſo. 
phers baniſh the Conſideration of ſuch a Cauſe 
out of Natural Philoſophy, feigning Hypotheſes 
for explaining all things mechanically, and re- 
ferring other Cauſes to a KE: Whereas 
the main Buſineſs of Natural Philoſophy is to 
argue from Phenomena without feigning Hy. 
potheſes, and to deduce Cauſes from Effects, 
till we come to the very firit Cauſe, which cer. 
tainly is nat mechanical ; and not only to un- 
fold the Mechaniſm of the World, but chiefly 
to reſolve theſe and ſuch like Queſtions. W hat 
is there in places almoſt empty of Matter, and 
whence 1s it that the Sun and Planets gravitate 

towards one another, without denſe Matter be- 
tween them? Whence is it that Nature doth 
nothing in vain; and whence ariſes all that Or. 
der and Beauty which we ſee in the World? ¶ ma 
Io what end are Comets, and whence is it that For 
Planets move all one and the fame way in Orbs N diui 
concentrick, while Comets move all manner of Sha 
ways in Orbs very excentrick, and what hinders Lig 
the fix d Stars from falling upon one another? Pro 
How came the Bodies of Animals to be contri- per 
ved with ſo much Art, and for what ends were NMe 
their ſeveral Parts? Was the Eye contrived Ra) 
without Skill in Opticks, and the Far without the 
Knowledge of Sounds? How do the Motions Wiles 
of the Body follow from the Will, and whence ua 
is the Inſtinct in Animals? Is not the Senſory of {Weill 
Animals that place to which the ſenfitive Sub- 
{tance is preſent, and into which the ſenſible 
Species of Things are carried through the Nerves 
and Brain, that there they may be Fete 
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o. by their immediate preſence to that Subſtance ? 

e And theſe things being rightly diſpatch'd, does 

es it not appear from Phanomena that there is a 

e- Being incoporeal, living, intelligent, omnipre- 

as ſent, who in infinite Space, as it were in his Sen- 

to ſory, ſees the things themſelves intimately, and 

| throughly perceives them, and comprehends 

them wholly by their immediate preſence to 
| himſelf : Of which things the Images only car- 
| ried through the Organs of Senſe into our little 

Senſoriums, are there ſeen and beheld by that 
which in us perceives and thinks. And tho' 

every true Step made in this Philoſophy brings 

us not immediately to the Knowledge of the 
| firlt Cauſe, yet it brings us nearer to it, and on 
that account is to be highly valued. 

I 29. Are not the Rays of Light very 

| {mal 


For ſuch Bodies will paſs through uniform Me- 


Shadow, which is the Nature of the Rays of 
Light. They will alſo be capable of ſeveral 
Properties, and be able to conſerve their Pro- 
perties unchanged in paſling through ſeveral 
Mediums, which 1s another Condition of the 
Rays of Light. Pellucid Subſtances act upon 
the Rays of Light at a diſtance in refracting, re- 


tually agitate the Parts of thoſe Subſtances at a 


Re action at a diſtance, very much reſembles an 
attractive Force between Bodies. If Refraction 
be perform'd by Attraction of the Rays, the 
Wines of Incidence mult be to the Sines of Re- 
| fraction 


Bodies emitted from ſhining Subſtances? 


diums in right Lines without bending into the 


flefting and inflecting them, and the Rays mu- 


diſtance for heating them; and this Action and 


1 
hundred thouſandth part of an Inch, will go 
through that Surface, and through the Air or 
Vacuum between the Glaſſes, and enter into the 


| ſecond Glaſs, as was explain'd in the firſt, fourth 


and eighth Obſervations of the firſt Part of the 
ſecond Book. But if the ſecond Glaſs be taken 
away, the Light which goes out of the ſecond 
Surface of the firſt Glaſs into the Air or Va- 
cuum, will not go on forwards, but turns back 
into the firſt Glaſs, and is reflected; and there- 


fore it is drawn back by the Power of the firſt 


Glaſs, there being nothing elſe to turn it back. 
Nothing is more requiſite for producing all the 
variety of Colours and degrees of Refrangibi- 
ty, than that the Rays of Light be Bodies of 
different Sizes, the leaſt of which may make 
| violet the weakeſt and darkeſt of the Colours, 
and be more eaſily diverted by refracting Sur- 
faces from the right Courſe; and the reſt as 
| they are bigger and bigger, may make the 


ſtronger and more lucid Colours, blue, green, 


| yellow and red, and be more and more dijti- 
cultly diverted. Nothing more 1s requiſite tor 
putting the Rays of Light into Fits of eaſy Re- 


flexion and eaſy Tranſmiſſion, than that they be 
ſmall Bodies which by their attractive Powers, 
or ſome other Force, ſtir up Vibrations in what 


| they act upon, which Vibrations being ſwifter 
© than the Rays, overtake them ſucceſlively, and 


agitate them ſo as by turns to increaſe and de- 


| creaſe their Velocities, and thereby put them 


into thoſe Fits. And laſtly, the unuſual Refra- 
| ftion of Iſland Cryſtal looks very much as if it 


pere perform'd by ſome kind of attractive vir- 


tue 
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tue lodged in certain Sides both of the Rays, 
and of the Particles of the Cryſtal. For were 
it not for ſome kind of Diſpoſition or Virtue 
lodged in ſome Sides of the Particles of the 
Cryſtal, and not in their other Sides, and which 
inclines and bends the Rays towards the Coaſt What 
of unuſual Refraction, the Rays which fall per. III 
pendicularly on the Cryſtal, would not be re: 
fracted towards that Coaſt rather than towards 
any other Coaſt, both at their Incidence and at 
their Emergence, ſo as to emerge perpendi. 
cularly by a contrary Situation of the Coaſt of 

unuſual Refration at the ſecond Surface; the 
Cryſtal acting upon the Rays after they have 
paſs'd through it, and are emerging into the 
Air, or, if you peaſe, into a Vacuum. And 
ſince the Cryſtal by this Diſpoſition or Virtue 
does not act upon the Rays, unleſs when one 
of their Sides of unuſual Refraction looks to- 
wards that Coaſt, this argues a Virtue or Dif- 
poſition in thoſe Sides of the Rays, which an- 
{wers to and ſympathizes with that Virtue or 
Diſpoſition of the Cryſtal, as the Poles of two 
Magnets anſwer to one another. And as Mag- 
netiſm may be intended and remitted, and is 
found only in the Magnet and in Iron: So this 
Virtue of retracting the perpendicular Rays 1s 
greater in Iſland Cryſtal, leſs in Cryſtal of the 
Rock, and 7 not yet found in other Bodies. | 
do not ſay that this Virtue is magnetical ; it 
ſeems to be of another kind: I only ſay, that 
what ever it be, it's difficult to conceive how iſ 
the Rays of Light, unleſs they be Bodies, can Wand 
have a permanent Virtue in two of their mY | 
Which 
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which is not in their other Sides, and this with- 
ys, Wout any regard to their Poſition to the Space or 
Medium through which they pals. 


ve WW What I mean in this Queſtion by a Vacuum, 
the Wand by the Attractions of the Rays of Light to- 
ich Wwards Glaſs or Cryſtal, may be underſtood by 
aft Wwhat was ſaid in the 18th, 19th and 2oth Que- 
er- tions. 


9g. 30. Are not groſs Bodies and Light con- 
vertible into one another, and may not Bodies 
receive much of their activity from the Parti- 
cles of Light which enter their Compoſition? 
For all fix d Bodies being heated emit Light ſo 
long as they continue ſufficiently hot, and Light 
mutually ſtops in Bodies as often as its Rays 
ſtrike upon their Parts, as we ſhew'd above. I 
know no Body leſs apt to ſhine than Water ; and 
net Water by frequent Diſtillations changes into 


this Earth being enabled to endure a ſufficient 
Heat, ſhines by Heat like other Bodies. Fi 

an- The changing of Bodies into Light, and Light 
into Bodies, is very conformable to the Courſe 
of Nature, which ſeems delighted with Tranſ- 
mutations. Water, which is a very fluid taſt- 
es Salt, ſhe changes by Heat into Vapour, which 


a hard, pellucid, brittle, fuſible Stone; and this. 
Stone returns into Water by Heat, and Vapour 
returns into Water by Cold. Earth by Heat be- 


Denſe Bodies by Fermentation rarify into ſeve- 


nd ſometimes without it, returns into denſe 
ä DE Bodies. 
| 1 


tx'd Earth, as Mr. Boyle has tried; and then 


Is a ſort of Air, and by Cold into Ice, which is 


comes Fire, and by Cold returns into Earth. 


ral ſorts of Air, and this Air by Fermentation, 
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Bodies. Mercury appears ſometimes in the 
form of a fluid Metal, ſometimes in the form 
of a hard brittle Metal, ſometimes in the form 
of a corroſive pellucid Salt call d Sublimate, 
ſometimes in the form of a taſtleſs, pellucid, 
volatile white Earth, call'd Mercurius dulcis; 
or in that of 4 red opake volatile Earth, call; 
Cinnaber ; or in that of a red or white Preci. 
pitate, or in that of a fluid Salt; and in Diſtil. 
lation it turns into Vapour, and being agitated 
in vac uo, it ſhines like Fire. And after all theſe 
Changes it returns again into its firſt form of 
Mercury. Eggs grow from inſenſible Magni. 
tudes, and change into Animals; Tadpoles into 
Frogs; and Worms into Flies. All Birds, Beaſts 
and Fiſhes, Inſects, Trees, and other Vegeta. 
bles, with their ſeveral parts, grow out of Wa. 
ter and watry Tincures and Salts, and by Pu- 
trefaction return again into watry Subſtances, 
And Water ſtanding a few Days in the open 


Air, yields a Tincture, which (like that off 


Mault) by ſtanding longer yields a Sediment 
and a Spirit, but before Putrefaction is fit Nou- 
riſhment for Animals and Vegetables. And a- 
mong ſuch various and ſtrange Tranſmutations, 
why may not Nature change Bodies into Light, 
and Light into Bodies? Feet” 

Qu. 31. Have not the ſmall Particles of Bo- 
dies certain- Powers, Virtues or Forces, by 
which they act at a diſtance, not only upon the 
Rays of Light for reflecting, refracting and in- 
flecting them, but alſo upon one another tor 


producing a great part of the Phænomena ii 
Nature? For it's well known that Bodies at 
8 I DT one 


— 
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| one upon another by the Attractions of Gravi- 
ty, Magnetiſm and Electricity; and theſe In- 
{ances ſnew the Tenor and Courſe of Nature, 


be more attractive Powers than theſe. For Na- 
ſelf. How theſe Attractions may be perform'd, 


may be perform'd by impulſe, or by ſome other 
means unknown to me. I uſe that Word here 
to ſignify only in general any Force by which 
Bodies tend towards one another, whatſoever 
be the Cauſe. For we muſt learn from the 
Phænomena of Nature what Bodies attract one 
another, and what are the Laws and Properties 
of the Attraction, before we enquire the Cauſe 
by which the Attraction is perform'd. The At- 
tractions of Gravity, Magnetiſm and Electrici- 
ty, reach to very ſenſible diſtances, and ſo have 
been obſerved by vulgar Eyes, and there may 


hitherto eſcape Obſervation ; and perhaps ele- 
ctrical Attraction may reach to ſuch ſmall di- 
ſtances, even without being excited by Friction. 


5 not this done by an Attraction between the 
Particles of the Salt of Tartar, and the Parti- 


form of Vapours? And why does not common 
does not Salt of Tartar draw more Water out 
of the Air than in a certain Proportion to 1ts 


after 


and make it not improbable but that there may 
ture is very conſonant and conformable to her 


do not here conſider. What I call Attraction 


be others which reach to fo ſmall diſtances as 


For when Salt of Tartar runs per deliquium, 
cles of the Water which float in the Air in the 
dalt, or Salt · petre, or Vitriol, run per deliquium, 


but for want of ſuch an Attraction? Or why 


quantity, but for want of an attractive Force 


. 
A 


a Vent 


[ 352 ] 
after it is ſatiated with Water? And whence 
is it but from this attractive Power that Water 
which alone diſtils with a gentle lukewarm 
Heat, will not diſtil from Salt of Tartar with. 
out a great Heat? And is it not from the like 
attractive Power between the Particles of Oil of 
Vitriol and the Particles of Water, that Oil of 
Vitriol draws to it a good quantity of Water 
out of the Air, and after it is ſatiated draws no 
more, and in Diſtillation lets go the Water ve. 
ry difficultly? And when Water and Oil of Vi. 
triol poured ſucceſſively into the ſame Veſſe| 
grow very hot in the mixing, does not this 
eat argue a great Motion in the parts of the 
Liquors? And does not this Motion argue that 
the Parts of the two Liquors in mixing coa- 
leſce with Violence, and by conſequence ruſh 
towards one another with an accelerated Mo- 
tion? And when Aqua fortis or Spirit of Vi. 
triol poured upon Filings of Iron, diſſolves the 
Filings with a great Heat and Ebullition, is not 
this Heat and Ebullition effected by a violent 
Motion of the Parts, and does not that Motion 


argue that the acid Parts of the Liquor ruſh to- 


wards the Parts of the Metal with violence, 
and run forcibly into its Pores till they get be. 
tween its outmoſt Particles and the main Maſ: 
of the Metal, and ſurrounding thoſe Partictes 
looſen them from the main Maſs, and ſet them 
at liberty to float off into the Water? And 


when the acid Particles which alone would} 


diſtil with an eaſy Heat, will not ſeparate from 
the Particles of the Metal without a very vio 
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ent Heat, doth not this confirm the Attraction 
between them? 


$ 


When Spirit of Vitriol poured upon com- 


| mon Salt or Salt-petre makes an Ebullition with 
the Salt and unites with it, and in Diſtillation 
the Spirit of the common Salt or Salt-petre 


comes over much eaſter than it would do be- 


fore, and the acid part of the Spirit of Vitriol 
ſtays behind; does not this argue that the fix'd 
Alcaly of the Salt attracts the acid Spirit of the 
vitriol more {ſtrongly than its own Spirit, and 
not being able to hold them both, lets go its 


own? And when Oil of Vitriol is drawn off 


from 1ts weight of Nitre, and from both the 
[Ingredients a compound Spirit of Nitre is diſtil- 
led, and two parts of this Spirit are poured on 


one part of Oil of Cloves or Caraway Seeds, or of 


any ponderous Oil of vegetable or animal Sub- 
ſtances, or Oil of Turpentine thicken'd with a a 
üttle Balſam of Sulphur, and the Liquors grow ſo 


very hot in mixing, as preſently to fend up a burn- 
ing Flame: Does not this very great and ſudden 


Heat argue that the two Liquors mix with vio- 


lence, and that their Parts in mixing run. to- 


wards one another with an accelerated Motion, 


and claſh with the greateſt Force? And is it 


not for the ſame reaſon that well rectified Spi- 


tit of Wine poured on the fame compound Spi- 


nt flaſhes; and that the Pulvis fulmmans, com- 
Wpoſed of Sulphur, Nitre, and Salt of Lartar, 
goes off with a more ſudden and violent Ex- 
ploſion than Gun powder, the acid Spirits of 
Ie Sulphur and Nitre ruſhing towards one an- 
other, and towards the Salt of Tartar, with {5 


Aa great 


354 
great a violence, as by the ſhock to turn the 
whole at once into Vapour and Flame? Where 
the Diſſolution is ſow, it makes a flow Ebulli 
tion and a gentle Heat; and where it is quick. 
er, it makes a greater Ebullition with more 
Heat; and where it is done at once, the Ebul. 
lition is contracted into a ſudden Blaſt or vio. 
lent Exploſion, with a Heat equal to thar of 
Fire and Flame. So when a Drachm of the x. 
bove mention'd compound Spirit of Nitre was 
poured upon half a Drachm of Oil of Caraway 
Seeds in vacuo; the Mixture immediately made 
a flaſh like Gun-powder, and burſt the exhau- 
ſted Receiver, which was a Glaſs fix Inches 
wide, and eight Inches deep. And even the 
groſs Body of Sulphur powder'd, and with an 
equal weight of Iron Filings, and a little Water 
made into Paſte, acts upon the Iron, and in five 
or {ix Hours grows too hot to be touch'd, and 
emits a Flame. And by theſe Experiments com- 
pared with the great quantity of Sulphur with 
which the Earth abounds, and the warmth of 
the interior Parts of the Earth, and hot Springs, 
and burning Mountains, and with Damps, ml- 
neral Coruications, Earthquakes, hot ſuffoca- 
ting Exhalations, Hurricanes and Spouts ; we 
may learn that ſulphureous Steams abound in 
the Bowels of the Earth and ferment with Mr 
nerals, and {ometimes take Fire with a ſudden 
Coruſcation and Exploſion; and if pent up in 
ſubterraneous Caverns, burſt the Caverns with aa: 
great ſhaking of the Earth, as in ſpringing of a 
Mine. And then the Vapour generated by the 
Exploſion, expiring through the Pores 5 6 | 
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| Farth, feels hot and ſuffocates, and makes Tem- 
| peſts and Hurricanes, and ſometimes cauſes the 
Land to ſlide, or the Sea to boil, and carries 
| up the Water thereof in Drops, which by their 
| weight fall down again in Spouts. Alſo ſome 
ſulphureous Steams, at all times when the Earth 
is dry, aſcending into the Air, ferment there 
with nitrous Acids, and ſometimes taking fire 

| cauſe Lightening and Thunder, and fiery Me- 

teors. For the Air abounds with acid Vapours 
fit to promote Fermentations, as appears by the 
ruſting of Iron and Copper in it, the kindling 
of Fire by blowing, and the beating of the 
Heart by means of Reſpiration. Now the a- 
bove mention'd Motions are ſo great and vio- 
lent as to ſhew that in Fermentations, the Par- 
ticles of Bodies which almoſt reſt, are put into 
new Motions by a very potent Principle, which 
acts upon them only when they approach one 
another, and cauſes them to meet and claſh 


with great violence, and grow hot with the Mo- 
tion, and daſh one another into pieces, and va- 
niſn into Air, and Vapour, and Flame. 
When Salt of Tartar per deliquium, being 
poured into the Solution of any Metal, preci- 
pitates the Metal, and makes it fall down to the 
bottom of the Liquor in the form of Mud : 
Does not this argue that the acid Particles are 
attracted more ſtrongly by the Salt ef "Tartar 


aſolves the Lapis Calaminaris and lets go the 


than by the Metal, and by the {tronger Attra- 
Con go from the Metal to the Salt of Tartar? 
And ſo when a Solution of Iron in Agua for!zs 


ron, or a Solution of Copper diſſolves Iron im- 
3 A - merſed 


does not this argue that the acid Particles of | 


ſtrongly by Iron, Copper, Tin and Lead, tha 


lation the Water aſcends difficultly, and bring 


the Water and acid Spirits which are mix'd tc 
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merſed in it and lets go the Copper, or a 80. 
lution of Silver diſſolves Copper and lets go the 
Silver, or a Solution of Mercury in Aqua forts 
being poured upon Iron, Copper, Tin or Lead, iſ 
diſſolves the Metal and lets go the Mercury, 


the Aqua fortis are attracted more {trongly by 
the Lapis Calaminaris than by Iron, and more 
ſtrongly by Iron than by Copper, and more 
{ſtrongly by Copper than by Silver, and more 


by Mercury? And is it not for the {ame reaſon 
that Iron requires more Aqua fortis to diflolve 
it than Copper, and Copper more than the o- 
ther Metals; and that of all Metals, Iron is diert 
ſolved moſt eaſily, and is molt apt to ruſt; and“! 
next after Iron, wet bt 5 ; 

When Oil of Vitriol is mix'd with a littl 
Water, or is run per deliquium, and in Dil 


over with it ſome part of the Oil of Vitriol i 
the form of Spirit of Vitriol, and this Spirit be 
ing poured upon lron, Copper, or Salt of Tar 
tar, unites with the Body and lets go the Wa 
ter, doth not this ſhew that the acid Spirit is at 
trated by the Water, and more attracted þ 
the fix'd Body than by the Water, and there 
fore lets go the Water to cloſe with the fix' 
Body? And is it not for the ſame reaſon tha 


gether in Vinegar, Aqua fortis, and Spirit 0 
Salt, cohere and riſe together in Diſtillation 
but if the Meuſtruum be poured on Salt of Ta 
tar, or on Lead or Iron or any fix'd by 
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80. W vbich it can diſſolve, the Acid by a ſtronger At- 
the uaction adheres to the Body, and lets go the 
„ Water? And is it not alſo from a mutual At- 
ead, traction that the Spirits of Soot and Sea-Salt- 
ary, Junite and compoſe the Particles of Sal-armo- 
9 2 niac, which are leſs volatile than before, be- 
y by (cauſo groſſer and freer from Water; and that 
nore the Particles of Sal- armoniac in Sublimation car- 
noed up the Particles of Antimony, which will not 
none ublime alone; and that the Particles of Mer- 
than cury uniting with the acid Particles of Spirit 
afar of Salt compoſe Mercury ſublimate, and with 
ſoheldthe Particles of Sulphur, compoſe Cinnaber; 
nd that the Particles of Spirit of Wine and 
„ pirit of Urine well rectified unite, and letting 
go the Water which diſſolved them, compoſe a 
conſiſtent Body; and that in ſubliming Cinna- 
litienber from Salt of Tartar, or from quick Lime, 
Diſtite Sulphur by a ſtronger Attraction of the Salt 
m_ Lime lets go the Mercury, and ſtays with 
iol e fix'd Body; and that when Mercury ſubli- 
it be nate is ſublimed from Antimony, or from Re- 
Tu ulus of Antimony, the Spirit of Salt lets go the 
» Wy Mercury, and unites with the antimonial Me- 
3c at Which attracts it more ſtrongly, and ſtays 
ed Hitch it till the Heat be great enough to make 
theretbem both aſcend together; and then carries 
e fix WP the Metal with it in the form of a very fu- 
n tha ble Salt, called Butter of Antimony, although 

„d the Spirit of Salt alone be almoſt as volatile as 
irit 0 cry „and the Antimony alone as fix'd as 

ation add:: TI, . 
f Tai When Agua fortzs diſſolves Silver and not 
Pod old, and Aqua regia diſſolves Gold and not 
which AA 3 ___ Silver, 
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Silver, may it not be ſaid that Aqua forty i; 
ſubtile enough to penetrate Gold as well as $I] 
ver, but wants the attractive Force to give it 


Entrance; and that Aqua regia is {ubtile enough 


to penetrate Silver as well as Gold, but want 


the attractive Force to give it Entrance? For 


Aqua regia is nothing elle than Aqua forty 
mix'd with ſome Spirit of Salt, or with Sal-ar. 
moniac ; and even common Salt diflolved in 4. 


qua fortis, enables the Meuſtruum to diſſolye 


Gold, though the Salt be a groſs Body. W hen 
therefore Spirit of Salt precipitates Silver out 
of Aqua forits, is it not done by attracting and 
mixing with the Aqua forts, and not attract. 
ing, or perhaps repelling Silver? And when 
Water precipitates Antimony out of the Subli 
mate of Antimony and val-armontac, or out of 


Butter of Antimony, is it not done by its di- 


ſolving, mixing with, and weakening the Sal. 


armoniac or Spirit of Salt, and its not attract. 
ing, or perhaps repelling the Antimony? And 


is it not for want of an attractive Virtue be. 
tween the Parts of Water and Oil, of Quick. 
ſilver and Antimony, of Lead and Iron, that 
theſe Subſtances do not mix; and by a weak 


Attraction, that Quick-filver and Copper mix 


difficultly; and from a ſtrong one, that Quick. 
ſilver and Tin, Antimony and Iron, Water and 


Salts, mix readily? And in general, is it not 


from the ſame Principle that Heat congregates 


homegeneal Bodies, and ſeparates heterogencd 


ones ? 


When Arſnick with Soap gives a Regulus 
and with Mercury ſublimate a volatile an 
. t a , | 


{ 999-)] = 
ri Salt, like Butter of Antimony, doth not this 
Sil. W few that Arſnick, which is a Subſtance totally 
eit volatile, is compounded of fix'd and volatile 
ugh parts, ſtrongly cohering by a mutual Attraction, 
ants ſo that the volatile will not aſcend without car- 
For rying up the fixed? And fo, when an equal 
r weight of Spirit of Wine and Oil of Vitriol 
Far. are digeſted together, and in Diſtillation yield 
1 4-Þ two fragrant and volatile Spirits which will not 
Ove mix with one another, and a fix'd black Earth 
hen remains behind; doth not this ſhew that Oil of 
ou WF Vitriol is compoſed of volatile and fix'd Parts 
aud ſtrongly united by Attraction, fo as to aſcend 
ract-W together in form of a volatile, acid, fluid Salt, 
when until the Spirit of Wine attracts and ſeparates 
ub. the volatile Parts from the fixed? And there- 
at ol fore, ſince Oil of Sulphur per campauam is of 
di. the ſame Nature with Oil of Vitriol, may it not 
Sab be inferred, that Sulphur is alſo a mixture of 
tract. volatile and fix'd Parts fo ſtrongly cohering by 
And Attraction, as to aſcend together in Sublima- 
e be. tion. By diſſolving Flowers of Sulphur in Oil 


ick. Jof Turpentine, and diſtilling the Solution, it is 
that found that Sulphur is compoſed of an inflama- 
weak ble thick Oil or fat Bitumen, an acid Salt, a ve- 
r mix ry fix'd Earth, and a little Metal. The three 
wck-W firſt were found not much unequal to one 


r and 
it not 
egates 
gene 


another, the fourth in ſo ſmall a quantity as 
ſcarce to be worth conſidering. The acid Salt 
diſſolved in Water, is the ſame with Oil of Sul- 
phur per campauam, and abounding much in 
the Bowels of the Earth, and particularly in 
gu Markaſites, unites it ſelf to the other Ingredi- 
fuſibeſ ents of the Markaſite, which are, Bitumen, I- 
Sau A4 4 e 


[ 360 


ron, Copper and Earth, and with them com- 
pounds Alume, Vitriol and Sulphur. With the 
Farth alone it compounds Alume ; with the 
Metal alone, or Metal and Earth together, it 
compounds Vitriol ; and with the Bitumen and 
Farth it compounds Sulphur. W hence it comes 


to paſs that Markaſites abound with thoſe three 
Minerals. And is it not from the mutual At- 
traction of the Ingredients that they {tick toge- 


ther for compounding theſe Minerals, and chat 


the Bitumen carries up the other Ingredients of 


the Sulphur, which without it would not ſub— 


lime? And the ſame Queſtion may be put con- 
cerning all, or almoſt all the groſs Bodies in 
Nature. For all the Parts of Animals and Ve- 
getables are compoſed of Subſtances volatile | 
and fix'd, fluid and ſolid, as appears by their 
Analyſis; and ſo are Salts and Minerals, fo far 
as Chymiſts have been hitherto able to examine | 


their Compoſition. 


When Mercury ſublimate is reſublimed with | 
freſh Mercury, and becomes Mercurius dulcis, | 
which is a white taſtleſs Earth ſcarce diſſolva- 
ble in Water, and Mercurius dulcis reſublimed 
with Spirit of Salt returns into Mercury ſubli- 
mate; and when Metals corroded with a little 
acid turn into Ruſt, which is an Earth taſtleſs 
and indiſſolvable in Water, and this Earth im- 


bibed with more Acid becomes a metallick 


Salt; and when ſome Stones, as Spar of Lead, 


diſſolved in proper Meuſtruums become Salts; 
do not theſe things ſnew that Salts are dry Earth 
and watry Acid united by Attraction, and that 
the Earth will not become a Salt without 50 

= Mee much 
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much Acid as makes it diflolvable in Water? 
Do not the ſharp and pungent Taſtes of Acids 


| ariſe from the ſtrong Attraction whereby the 


acid Particles ruſh upon and agitate the Parti- 


cles of the Tongue? And when Metals are diſ- 


ſolved in acid Menſtruums, and the Acids in 
conjunction with the Metal act after a different 
manner, ſo that the compound has a different 


talte much milder than before, and ſometimes 


a {weet one; is it not becauſe the Acids ad- 
here to the metallick Particles, and thereby loſe 


much of their Activity? And if the Acid be in 
too {mall a Proportion to make the Compound 
diſſolvable in Water, will it not by adhering 


ſtrongly to the Metal become unactive and loſe 


its taſte, and the Compound be a taſtleſs Earth? 
For ſuch things as are not diſſolvable by the 


Moiſture of the Tongue, act not upon the 
Taſte. 


As Gravity makes the Sea flow round the 
denſer and weightier Parts of the Globe of the 


Earth, ſo the Attraction may make the watry 


Acid flow round the denſer and compacter 


Particles of Earth for compoſing the Particles 


of Salt. For otherwiſe the Acid would not do 
the office of a Medium between the Earth and 
common Vater, for making Salts diſſolvable in 


the Water; nor would Salt of Tartar readily 
draw off the Acid from diſſolved Metals, nor 
Metals the Acid from Mercury. Now as in the 
ß Globe of the Farth and Sea, the denſeſt 


Bodies by their Gravity ſink down in Water, 


and always endeavour to go towards the Cen- 
ter of the Globe; ſo in Particles of Salt, the 


denſeſt 


Salts are of a laſting nature, being ſcarce de. 


and Vegetables preſerve their ſeveral Forms, 
and aſhmilate their Nourithment ; the ſoft and 


like the denſe, hard, dry, and durable Earth 
in the Center of each Particle. But when the 


line at the top as at the bottom. And does not 
this imply that the Parts of the Salt or Vitriol 
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denſeſt Matter may always endeavour to ap. 

roach the Center of the Particle: So that: 
Particle of Salt may be compared to a Chaos; 
being denſe, hard, dry, and earthy in the Cen. 
ter; and rare, ſoft, moiſt, and watry in the 
Circumference. And hence it ſeems to be that 


ſtroy'd, unleſs by drawing away their watry 
Parts by violence, or by letting them ſoak into 
the Pores of the central Earth by a gentle Heat 
in Putrefaction, until the Earth be diſſolved by 
the Water, and ſeparated into ſmaller Particles, 
which by reaſon of their ſmallneſs make the 
rotten Compound appear of a black Colour. 
Hence alſo it may be that the Parts of Animals 


moiſt Nouriſnment eaſily changing its Texture 
by a gentle Heat and Motion, till it becomes 


Nouriſhment grows unfit to be aſſimilated, or 
the central Earth grows too feeble to aſſimilate 
it, the Motion ends in Confuſion, Putrefaction 
and Death. : 

If a very ſmall quantity of any Salt or Vitriol 
be diſſolved in a great quantity of Water, the 
Particles of the Salt or Viriol will not fink to 
the bottom, though they be heavier in Specie 
than the Water, but will evenly diffuſe them- 
ſelves into all the Water, ſo as to make it as ſa- 


recede from one another, and endeavour to x 
55 pan 
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pand themſelves, and get as far aſunder as the 
| quantity of Water in which they float, will al- 
| low ? And does not this Endeavour imply that 
they have a repulſive Force by which they fly 
| from one another, or at leaſt, that they attract 
the Water more {trongly than they do one ano- 
ther? For as all things aſcend in Water which 
are leſs attracted than Water, by the gravitating 
| Power of the Farth; ſo all the Particles of Salt 
which float in Water, and are leſs attracted than 
| Water by any one Particle of Salt, muſt recede 
from that Particle, and give way to the more 
attracted Water. e | 
When any faline Liquor 1s evaporated to a 
Cuticle and let cool, the Salt coneretes in re- 

| gular Figures; which argues, that the Particles 
of the Salt before they concreted, floated in 


the Liquor at equal diſtances in rank and file, 


and by conſequence that they acted upon one 


another by ſome Power which at equal diſtances 
is equal, at unequal diſtances unequal. For by 
ſuch a Power they will range themſelves uni- 
formly, and without it they will float irregular- 
ly, and come together as irregularly. And ſince 
the Particles of Iſland Cryſtal act all the ſame 


way upon the Rays of Light for cauſing the un- 
uſual Refraction; may it not be ſuppoſed that 
in the Formation of this Cryſtal, the Particles 


not only ranged themſelves in rank and file for 


concreting in regular Figures, but alſo by ſome. 


kind of polar Virtue turned their homogeneal 


Sides the ſame way? by 5 
The Parts of all homogeneal bard Bodies 
| Which fully touch one another, flick together 


very 
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very ſtrongly. And for explaining how this 
may be, ſome have invented hooked Atoms, 
which is begging the Queſtion ; and others tell 
us that Bodies are glued together by reſt, that 
is, by an occult Quality, or rather by nothing; 
and others, that they ſtick together by conſpi- 
ring Motions, that is, by relative reſt amongſt 
themſelves. I had rather infer from their Co- 
heſion, that their Particles attract one another 
by ſome force, which in immediate Contact is 

exceeding ſtrong, at ſmall diſtances performs 
the chymical Operations above mention'd, and 
reaches not far from the Particles with any ſen- 


fible Effect. 


All Bodies ſeem to be compoſed of hard Par. 
ticles: For otherwiſe Fluids would not congeal; 
as Water, Oils, Vinegar, and Spirit or Oil of 
Vitriol do by freezing ; Mercury by Fumes of 
Lead; Spirit of Nitre and Mercury, by dillol- 
ving the Mercury and evaporating the Flegm; 
Spirit of Wine and Spirit of Urine, by deflegm- 
ing and mixing them; and Spirit of Urine and 
Spirit of Salt, by ſubliming them together to 


make Sal-armoniac. Even the Rays of Light 


ſeem to be hard Bodies; for otherwiſe they 
would not retain different Properties in their 
different Sides. And therefore Hardneſs may 
be reckon'd the Property of all uncompounded 
Matter. At leaſt, this ſeems to be as evident 


as the univerſal Impenetrability of Matter. For 


all Bodies, fo far as Experience reaches, are ei- 
ther hard, or may be harden d; and we have 


no other Evidence of univerſal Impenetrability, 
beſides a large Experience without an exper! 


mental 


— 
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mental Exception. Now if compound Bodies 
are ſo very hard as we find ſome of them to 
be, and yet are very porous, and conſiſt of Parts 
which are only laid together; the ſimple Par- 
ticles which are void of Pores, and were never 
et divided, muſt be much harde-. For ſuch 
lard Particles being heaped up together, can 
ſcarce touch one another in more than a few 
Points, and therefore muſt be ſeparable by 
much leſs Force than is requiſite to break a ſo- 
lid Particle, whoſe Parts touch in all the Space 
between them, without any Pores or Interſtices 
to weaken their Coheſion. And how ſuch ve- 
ry hard Particles which are only laid together 
and touch only in a few Points, can {tick toge- 
ther, and that ſo firmly as they do, without the 
aſſiſtance of ſomething which cauſes them to 
be attracted or preſs'd towards one another, is 
very difficult to conceive. „„ 

The ſame thing I infer alſo from the cohe- 
ring of two poliſh'd Marbles 27 vacuo, and from 
the ſtanding of Quick-filver in the Barometer at 
the height of 50, 60 or 70 Inches, or above, 
when ever it is well purged of Air and care- 
fully poured in, ſo that its Parts be every where 
contiguous both to one another and to the 
Glaſs. The Atmoſphere by its weight preſſes 
the Quick-filver into the Glaſs, to the height of 


29 or 30 Inches. And ſome other Agent raiſes 
it higher, not by preſſing it into the Glaſs, but 
by making its Parts ſtick to the Glaſs, and to 
| one another. For upon any diſcontinuation of 
| Parts, made either by Bubbles or by ſhaking the 


Glaſs, 
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the diſtance between the Planes, or thereabouts. 
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Glaſs, the whole Mercury falls down to the And 
height of 29 or 30 Inches. mann 

And of the ſame kind with theſe Exper. been 
ments are thoſe that follow. If two plane po. fore 
liſn'd Plates of Glaſs (ſuppoſe two pieces of z {ure « 
poliſh'd Looking glaſs) be laid together, ſo that An 


their ſides be parallel and at a very ſmall di. Wifted 


ſtance from one another, and then their lower ſand « 
edges be dipped into Water, the Water will natin; 
riſe up between them. And the leſs the di. Wine A 
ſtance of the Glaſſes is, the greater will be the night 
height to which the Water will riſe. If the Hof 30 


diſtance be about the hundredth part of an Inch, {And 


the Water will riſe to the height of about an Adi 
Inch; and if the diſtance be greater or leſs in Nate 1 
any Proportion, the height will be reciprocally ſhe | 
proportional to the diſtance very nearly. For ſvact! 


the attractive Force of the Glaſſes is the ſame, Nas up 
whether the diſtance between them be greater Parti 
or leſs; and the weight of the Water drawn the 
up is the ſame, if the height of it be recipro- ther 


cally proportional to the height of the Glaſles. Iron, 
And in like manner, Water aſcends between 
two Marbles poliſh'd plane, when their polith- 
ed ſides are parallel, and at a very little diftance 
from one another. And if flender Pipes of 
Glaſs be dipped at one end into ſtagnating Wa. 
ter, the Water will riſe up within the Pipe, and 
the heigth to which it ariſes will be reciprocally N. 
proportional to the Diameter of the Cavity of 

the Pipe, and will equal the height to which 
it riſes between two Planes of Glaſs, if the Sem!-þ 
diameter of the Cavity of the Pipe be equal to 


And 


And theſe Experiments ſucceed after the ſame 
manner 772 vacuo as in the open Air, (as hath 
ri. Wbcen tried before the Royal Society,) and there- 
0. ſore are not influenced by the Weight or Preſ- 
* , Wiure of the Atmoſphere, | 
at And if a large Pipe of Glaſs be filled with 
d. Wifted Aſhes well preſſed together in the Glaſs, 
er Jand one end of the Pipe be dipped into ſtag- 
vill Nnating Water, the Water will rife up ſlowly in 
dj. the Aſhes, ſo as in the ſpace of a Week or Fort- 
the Wrnight to reach up within the Glaſs, to the height 
the Mot zo or 40 Inches above the ſtagnating Water. 
ch, (And the Water riſes up to this height by the 
an WAction only of thoſe Particles of the Aſhes which 
in Ware upon the Surface of the elevated Water; 
ally the Particles which are within the Water, at- 
or Jtracting or repelling it as much downwards 
me, Fas upwards. And therefore the Action of the 
Particles is very {trong. But the Particles of 
the Aſhes being not ſo denſe and cloſe toge- 
ther as thoſe of Glaſs, their Action is not fo 
Wrong as that of Glaſs, which keeps Quick-fil- 
ver ſuſpended to the height of 60 or 70 Inches, 
nd therefore acts with a Force which would 
keep Water ſuipended to the height of above 
60 Feet. | Eo: g | 
Buy the ſame Principle, a 3 8 ſucks in 
Water, and the Glands in the Bodies of Ant- 
mals, according to their ſeveral Natures and 
Diſpoſitions, fuck in various Juices from the 


wich HPlood. = 

mi- If two plane poliſh'd Plates of Glaſs three or 
to pour Inches broad, and twenty or twenty five 
us. Nong, be laid, one of them parallel to the Ho. 
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rizon, the other upon the firſt, ſo as at one 9 
their ends to touch one another, and contain 
an Angle of about 10 or 15 Minutes, and the 
ſame be firſt moiſten'd on their inward {ide 
with a clean Cloth dipp'd into Oil of Orange; 
or Spirit of Turpentine, and a Drop or two of 
the Oil or opirit be let fall upon the lower 


Glaſs at the other end; ſo ſoon as the upper 


Glaſs is laid down upon the lower ſo as to 
touch it at one end as above, and to touch the 


Drop at the other end, making with the lower 


Glaſs an Angle of about 10 or 15 Minutes; the 
Drop will begin to move towards the Concourſe 
of the Glaſſes, and will continue to move with 
an accelerated Motion, till it arrives at that 
Concourſe of the Glaſſes. For the two Glaſſes 


attract the Drop, and make it run that way to- 


wards which the Attractions incline. And if 


when the Drop is in motion you lift up that end 
of the Glaſſes where they meet, and towards 


which the Drop moves, the Drop will aſcend 
between the Glaſſes, and therefore is attracted. 


And as you lift up the Glaſſes more and more, | 
the Drop will aſcend {lower and {lower, and at 


length reſt, being then carried downward by 


its Weight, as much as upwards by the Attra- 


ction. And by this means you may know the 


Force by which the Drop is attracted at all di 


ſtances from the Concourſe of the Glaſſes. 


Now by ſome Experiments of this kind, 
(made by Mr. Hawksby) it has been found that 
the Attraction is almoſt reciprocally in a dupiF* 
_ cate Proportion of the diſtance of the middle 
of the Drop from the Concourſe of the GlaſlesÞþ 

| | VIS 


W 


ale Particle of the Oil. 

Agents in Nature able to make the Particles of 
Bodies {tick together by very ſtrong Attractions. 
And it is the Buſineſs of experimental Philoſo- 
phy to find them out. . e 
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vi. reciprocally in a ſimple Proportion, by 
| reaſon of the ſpreading of the Drop, and its 
touching each Glaſs in a larger Surface; and 
| again reciprocally in a ſimple Proportion, by 
[reaſon of the Attractions growing ſtronger 
within the ſame quantity of attracting Sur- 
| face. 
ſame quantity of attracting Surface, is reci- 
procally as the diſtance between the Glaſſes. 
And therefore where the diſtance is exceed» 
ing ſmall, the Attraction mutt be exceeding 
great. 
| the ſecond Book, wherein the thickneſſes of 
colour'd Plates of Water between two Glafles 
are ſet down, the thickneſs of the Plate where 
it appears very black, is three eighths of the 
ten hundred thouſandth part of an Inch. And 
where the Oil of Oranges between the Glaſſes 
is of this thickneſs, the Attraction collected by 


'Fhe Attraction therefore within the 


By the Table in the ſecond Part of 


the foregoing Rule, ſeems to be fo ſtrong, as 
within a Circle of an Inch in diameter, to ſuf- 


fice to hold up a Weight equal to that of a Cy- 
under of Water of an Inch in diameter, and 
[two or three Furlongs in length. And where 


it is of a leſs thickneſs the Attraction may be 


proportionally greater, and continue to increale, 


until the thickneſs do not exceed that of a ſin- 
There are therefore 


Nov 
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Now the ſmalleſt Particles of Matter may co. W R. 
here by the ſtrongeſt Attractions, and compoſe W Bc 


bigger Particles of weaker Virtue ; and many dia 


of theſe may cohere and compoſe bigger Par- dy. 
ticles whoſe Virtue is ſtill weaker, and ſo on for or 
divers Succeſſions, until the Progreſſion end in fro: 
the biggeſt Particles on which the Operations the 
in Chymiſtry, and the Colours of natural Bodies I rea. 
depend, and which by cohering compoſe Bo. cee 
dies of a ſenſible Magnitude. If the Body is is 1 
compact, and bends or yields inward to Preſ- be 
ſion without any fliding of its Parts, it is hard low 
and elaſtick, returning to its Figure with a Force The 


riſing from the mutual Attraction of its Parts. Boc 


If the Parts ſlide upon one another, the Body the) 
is malleable or ſoft. If they {lip eaſily, and are the 
of a fit ſize to be agitated by Heat, and the Heat anot 
is big enough ro keep them in Agitation, the diſta 


Body is fluid; and if it be apt to flick to things, I milli 


it is humid; and the Drops of every fluid af. 
fect a round Figure by the mutual Attraction of 
their Parts, as the Globe of the Earth and Sea 
affects a round Figure by the mutual Attraction 
of its Parts by Gravity. 
Since Metals diſſolved in Acids attract but + 
- ſmall quantity of the Acid, their attractive Force 
can reach but to a ſmall diſtance from them. 
And as in Algebra, where affirmative Quant! 
ties vaniſh and ceaſe, there negative ones be 
gin; ſo in Mechanicks, where Attraction ceaſe 
ſes, there a repulſive Virtue ought to ſucceed; 
And that there is ſuch a Virtue, ſeems to fol 
| low from the Reflexions and Inflexions gh the 
| OE. 405 | 
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Rays of Light. For the Rays are repelled by 
Bodies in both theſe Caſes, without the fmme- 
diate Contact of the reflecting or inflecting Bo- 
dy. It ſeems alſo to follow from the Emiſſion 
of Light; the Ray ſo ſoon as it is ſhaken off 
in from a ſhining Body by the vibrating Motion of 
nsY the Parts of the Body, and gets beyond the 
es reach of Attraction, being driven away with ex- 
0. ceeding great Velocity. For that Force which 
is is ſufficient to turn it back in Reflexion, may 
el-Y be ſufficient to emit it. It ſeems alſo to fol- 
rd low from the Production of Air and Vapour. 
ce The Particles when they are ſhaken off from 
ts. Bodies by Heat or Fermentation, ſo ſoon as 
dy they are beyond the reach of the Attraction of 
are the Body, receding from it, and alſo from one 
eat another with great Strength, and keeping at a 
diſtance, ſo as ſometimes to take up above a 
million of times more ſpace than they did be- 
lore in the form of a denſe Body. Which vaſt 
Contraction and Expanſion ſeems unintelligible, 
by feigning the Particles of Air to be ſpringy 
and ramous, or rolled up like Hoops, or by a- 
ny other means than a repulſive Power. The 
| Particles of Fluids which do not cohere too 
orceſ trongly, and are of ſuch a ſmallneſs as renders 
henFthem moſt ſuſceptible of thoſe Agitations which 
anti keep Liquors in a Fluor, are moſt eaſily ſepa- 
rated and rarified into Vapour, and in the Lan- 
 Ceaouage of the Chymiſts, they are volatile, rari- 
ing with an eaſy Heat, and condenſing with 
old. But thoſe which are groſſer, and ſo leſs 
W\lceptible of A rang. © 5 cohere by a ſtrong- 

Do , - ih er 
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And thus Nature will be very conformable 
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er Attraction, are not ſeparated without 3 
ſtronger Heat, or perhaps not without Fermen- 
tation. And theſe laſt are the Bodies which 
Chymilts call fix'd, and being rarified by Fer. 
mentation, become true permanent Air: thoſe 
Particles receding from one another with the 

greateſt Force, and being moſt difficultly brought 
together, which upon Contact cohere moſt 
ſtrongly. And becauſe the Particles of perma- 
nent Air are groller, and ariſe from denſer Sub- 
ſtances than thoſe of Vapours, thence it is that 
true Air is more ponderous than Vapour, and 
that a moiſt Atmoſphere 1s lighter than a dry 
one, quantity for quantity. From the ſame re- 
pelling Power it ſeems to be that Flies walk 
upon the Water without wetting their Feet; 
and that the Object-glaſſes of long Teleſcopes 
lie upon one another without touching ; and 
that dry Powders are difficuldly made to touch 
one another ſo as to flick together, unleſs by 
melting them, or wetting them with W ater, 
which by exhaling may bring them together; and 
that two poliſh'd Marbles, which by immediate 
Contact {ick together, are difficultly brought ſo 
cloſe together as to flick. 5 


to her ſelf and very ſimple, performing all the 
great Motions of the heavenly Bodies by the 


Attraction of Gravity which intercedes thoſe 


Bodies, and almoſt all, the ſmall; ones of their 
Particles by ſome other attractive and repelling 
Powers which intercede : the Particles. The 
Vis iuertiæ is a paſſive Principle by which Bo 
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dies perſiſt in their Motion or Reſt, receive 
Motion in proportion to the Force impreſling 
it, and reſiſt as much as they are reſiſted. By 
this Principle alone there never could have been 
any Motion in the World. Some other Prin— 
ciple was neceſſary for putting Bodies into Mo- 
tion; and now they are in Motion, ſome other 
Principle is neceſſary for conſerving the Mo- 
tion. For from the various Compoſition of two 
| Motions, tis very certain that there is not al- 
ways the ſame quantity of Motion in the World. 


For if two Globes joined by a {lender Rod, re- 


volve about their common Center of Gravity 
with an uniform Motion, while that Center 
moves on uniformly in a right Line drawn in 


the Plane of their circular Motion; the Sum of 
the Motions of the two Globes, as often as the 
Globes are in the right Line deſcribed by their 
common Center of Gravity, will be bigger than 
the Sum of their Motions, when they are in a 
Line perpendicular to that right Line. By this 
Inſtance it appears that Motion may be got or 
loſt. But by reaſon of the Tenacity of Fluids, 
and Attrition of their Parts, and the Weakneſs 
of Elaſticity in Solids, Motion is much more 
apt to be loſt than got, and is always upon the 


Decay. For Bodies which are either abſolute- 


ly hard, or ſo ſoft as to be void of Elaſticity, 
will not rebound from one_ another. Impene- 
trability makes them only ſtop. If two equal 
Bodies meet directly in vacuo, they will by the 
Laws of Motion ſtop where they meet, and 
loſe all their Motion, and remain in reſt, unleſs 
Sgt R they 


-Q 


their Spring. If they have ſo much Elaſticity 


ter, or half, or three quarters of the Force with 


penetrate one anothers Dimenſions. If three 


its Tenacity will loſe its Motion quickly, the 
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they be elaſtick, and receive new Motion from 
as ſuffices to make them rebound with a quar- 


which they come together, they will loſe three 
quarters, or half, or a quarter of their Motion. 
And this may be tried, by letting two equal 
Pendulums fall againſt one another from equal 
heights. If the Pendulums be of Lead or loft 
Clay, they will loſe all or almoſt all their Mo- 
tions: If of elaſtick Bodies they will loſe all but 
what they recover from their Elaſticity. If it 
be faid, that they can loſe no Motion but what 
they communicate to other Bodies, the conſe- | 
quence is, that in vacuo they can loſe no Mo- 
tion, but when they meet-they muſt go on and 


equal round Veſſels be filled, the one with Wa- 
ter, the other with Oil, the third with molten 

Pitch, and the Liquors be ſtirred about alike 
to give them a vortical Motion ; the Pitch by 


Oil being leſs tenacious will keep it longer, and 
the Water being leſs tenacious will keep it long- 
eſt, but yet will loſe it in a ſhort time. W hence 
it 1s eaſy to underſtand, that if many contiguous 
Vortices of molten Pitch were each of them as 
large as thoſe which fome ſuppoſe to revolve 
about the Sun and fix'd Stars, yet theſe and all 
their Parts would, by their tenacity and ſtiffneſs, 
communicate their Motion to one another tilt 
they all reſted among themſelves. Vortices of 
Oil or Water, or ſome fluider Matter, might 

f continue 
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continue longer in Motion; but unleſs the Mat- 
ter were void of all Tenacity and Attrition of 
parts, and Communication of Motion, (which 
is not to be ſuppoſed) the Motion would con- 
ſtantly decay. Seeing therefore the variety of 
| Motion which we find in the World is always 
decreaſing, there is a neceſſity of conſerving 
and recruiting it by active Principles, ſuch as 
are the cauſe of Gravity, by which Planets and 
| Comets keep their Motions in their Orbs, and 
Bodies acquire great Motion in falling; and the 
cauſe of Fermentation, by which the Heart and 
Blood of Animals are kept in perpetual Motion 
and Heat; the inward Parts. of the Earth are 
| conſtantly warm'd, and in ſome places grow 
very hot; Bodies burn and ſhine, Mountains 
take Fire, the Caverns of the Earth are blown 
up, and the Sun continues violently hot and 
| lucid, and warms all things by his Light. For 
we meet with very little Motion in the World, 


beſides what is owing to theſe active Principles. 
And if it were not for theſe Principles the Bo- 
dies of the Earth, Planets, Comets, Sun, and 
all things in them would grow cold and freeze, 
and become inactive Maſſes; and all Putrefa- 


ction, Generation, Vegetation and Life would 


ceaſe, and the Planets and Comets would not 
remain in their Orbs. on 

All theſe things being conſider'd, it ſeems pro- 
bable to me, that God in the Beginning form'd 


| Matter in ſolid, maſſy, hard, impenetrable, move- 
| able Particles, of ſuch Sizes and Figures, and with 
ſuch other Properties, and in ſuch Proportion 


„ 
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to Space, as moſt conduced to the End for 
which he form'd them; and that theſe primi. 
tive Particles being Solids, are incomparably 
harder than any porous Bodies compounded of 
them; even ſo very hard, as never to wear or 
break in pieces: No ordinary Power being able 
to divide what God himſelf made one in the firſt 
Creation. W hile the Particles continue entire, 
they may compoſe Bodies of one and the ſame 
Nature and Texture in all Ages: But ſhould 
they wear away, or break in pieces, the Nature 
of Things depending on them, would be chan- 
ged. Water and Earth compoſed of old worn 
articles and Fragments of Particles, would not 
e of the ſame Nature and Texture now, with 
Water and Earth compoſed of entire Particles, 
in the Beginning. And therefore that Nature 
may be laiting, the Changes of corporeal Things 
are to be placed only in the various Separations 
and new Atlocitions and Motions of theſe per- 
manent Particles ; compound Bodics being apt 
to break, not in the midſt of folid Particles, but 
where thole Particles arc laid together, and on- 
Iy touch in 2 few Points. 

It ſeems to me farther, that theſe particles 
have not only a Vis inertie, accompanied with 
uch paitive Laws of Motion as avatars reſult ] lot 
from that Force, but alſo that they are moved wi 


by certain a&iye Principles, ſuch as is that of pl. 
Gr wel and that which cauſes Fermentation, bc 
and the Coheſion of Bodies. Theſe Principle te 
1 cogſider not as occult Qualities, ſuppoſed to 
Felult mon the pecifick Forms of. Things, buf te 


fn 


: terial Things ſeem to have been compoſed of 


1 
s general Laws of Nature, by which the Things 
themſelves are form'd : their Truth appearing 
to us by Phenomena, though their Cauſes be 
not yet diſcover'd. For thele are manifeſt Qua- 
 lities, and their Cauſes only are occult. And 
the Ar:/iorelians gave the Name of occult Qua- 


| lities not to manifeſt Qualities, but to ſuch 
Qualities only as they ſuppoſed to lie hid in 
Bodies, and to be the unknown Cauſes of ma- 
nifeſt Effects: Such as. would be the Cauſes of 
Gravity, and of magnetick and electrick At- 
tractions, and of Fermentations, if we ſhould. 


Qualities unknown to us, and uncapable of be- 
ing diſcovered and made manifeſt. Such oc- 
cult Qualities put a ſtop to the Improvement 


| Years have been rejected. To tell us that 
every Species of Things is endow'd with an oc- 
cult ſpecifick Quality by which it acts and pro- 


. duces manifeſt Effects, is to tell us nothing: 


But to derive two or three general Principles 


- of Motion from Phænomena, and afterwards 


to tell us how the Properties and Actions of all 


corporeal Things follow from thoſe manifeſt 
Principles, would be a very great ſtep in Phi- 
loſophy, though the Cauſes of thoſe Principles 
were not yet diſcover'd: And therefore J {cru- 
ple not to propoſe the Principles of Motion a- 
| bove mention'd, they being of very general Ex- 
; teſt; and leave their Cauſes to be found out. 


Now by the help of theſe Principles, all ma- 


the 


ſuppoſe that theſe Forces or Actions aroſe from 


of natural Philoſophy, and therefore of late 


es — 


tend thar it might ariſe out of a Chaos by the 
ny Ages. For while Comets move in very ex. 
one and the ſame way in Orbs concentrick, 


of Comets and Planets upon one another, and 
which will be apt to increaſe, till this Syſtem 


ed the Effect of Choice. And ſo mult the 
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the hard and ſolid Particles abovemention'q, 
variouſly aſſociated in the firſt Creation by the 
Counſel of an intelligent Agent. For it became 
him who created them to ſet them in order 
And if he did fo, it's unphiloſophical to ſeck 
for any other Origin of the World, or to pre- 


mere Laws of Nature; though being once 
form'd, it may continue by thoſe Laws for ma- 


centrick Orbs in all manner of Poſitions, blind 
Fate could never make all the Planets move 


ſome inconſiderable Irregularities excepted 
which may have riſen from the mutual Actions 


wants a Reformation. Such a wonderful Uni- 
formity in the Planetary Syſtem mult be allow- 


Uniformity in the Bodies of Animals, they ha- 
ving generally a right and a left fide ſhaped a- 
like, and on either ſide of their Bodies two 
Legs behind, and either two Arms, or two 


Legs, or two Wings before upon their Shoul- 1 ® 
ders, and between their Shoulders a Neck run- 1 * 
ning down into a Back-bone, and a Head up- * 
on it; and in the Head two Ears, two Eyes, a1 * 


Noſe, a Mouth, and a Tongue, alike ſituated. . 
Alſo the firſt Contrivance of thoſe very artifi- 


Muſcles, Heart, Lungs, Midriff, Glands, La- 
rynx, Hands, Wings, Swimming Bladder 85 — s 
| eas tural 


[1 
cial Parts of Animals, the Eyes, Ears, Bran, 
LI 
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a. tural SpeRacles, and other Organs of Senſe and 
he Motion; and the Inſtinct of Brutes and Inſects, 
me can be the effect of nothing elſe than the Wiſ- 
er dom and Skill of a powerful ever living Agent, 
ek who being in all Places, is more able by 
re. his Will to move the Bodies within his bound- 
he @ leſs uniform Senſorium, and thereby to form 
ce and reform the Parts of the Univerſe, than we 
1a. are by our Will to move the Parts of our own 
| Bodies. And yet we are not to conſider the 
World as the Body of God, or the ſeveral Parts 
| thereof, as the Parts of God. He is an uni- 
form Being, void of Organs, Members or Parts, 
and they are his Creatures ſubordinate to him, 
| and fubſervient to his Will; and he is no more 
| the Soul of them, than the Soul of a Man is the 
Soul of the Species of Things carried through 
| the Organs of Senſe into the place of its Sen- 
| fation, where it perceives them by means of its 
immediate Preſence, without the Intervention 
of any third thing. The Organs of Senſe are 
not for enabling the Soul to perceive the Spe- 
| cies of Things in its Senſorium, but only for 
conveying them thither; and God has no need 
of ſuch Organs, he being every where preſent 
to the Things themſelves. And fince Space is 
| divifible in infuitum, and Matter is not neceſ- 
| farily in all places, it may be alſo allow'd that 
God is able to create Particles of Matter of ſe- 
veral Sizes and Figures, and in ſeveral Propor- 
tions to Space, and perhaps of different Denſi- 
ties and Forces, a thereby to vary the Laws 
of Nature, and make Worlds of ſeveral 25 1 : 
it ſevera 
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feveral Parts of the Univerſe; At leaſt, I ſee 
nothing of Contradiction in all this. 
As in Mathematicks, ſo in Natural Philoſo- 
hy, the Inveſtigation of difficult Things by the 
ethod of Analyſis, ought ever to precede the 
Method of Compoſition. ' This Analyſis con- 
fiſts in making Experiments and Obſervations, 
and in drawing general Concluſions from them 
by Induction, and admitting of no Objections 
againſt the Concluſions, but ſuch as are taken 
from Experiments, or / other certain Truths. 
or Hypotheſes are not to be regarded in ex. 


perimental Philoſophy. And although the ar- 


uing from Experiments and Obſervations by 


- 


nduction be no Demonſtration of general Con- 
cluſions; yet it is the beſt way of arguing which 
the Nature of Things admits of, and may be 


looked upon as lo much the ſtronger, by how 
much the Induction is more general. - And if 
no Exception occur from Phænomena, the Con- 
cluſion may be pronounced generally. But if 
at any time afterwards any Exception ſhall oc- 
cur from Experiments, it may then begin to be 
pronounced with ſuch Exceptions as occur. By 
this way of Analyſis we may proceed from Com- 
pounds to Ingredients, and from Motions to 
the Forces producing them; and in. general , 
from Effects to their Cauſes, and from particu- 
Jar Caules to more general ones, till the Argu- 
ment end in the mott general. This is the Me- 
thod of Analyſis; And the Syntheſis gonſiſts in 
aituming the Cauſes diſcover d, and eſtabliſh'd 
as Principles, and by them explaining the Phæ- 
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nomena proceeding from them, and proving the 
Explanations. NT 17 
in the two firſt Books of theſe Opticks, I 


proceeded by this Analyſis to diſcover and prove 


the original Differences of the Rays of Light in 


reſpe& of Refrangibility, Reflexibility, and Co- 


Jour, and their alternate Fits of eaſy Reflexion 
and eaſy Tranſmiſſion, and the Properties of 
Bodies, both opake and pellucid, on which 
their Reflexions and Colours depend. And 
theſe Diſcoveries being proved, may be aſſumed 
in the Method of Compoſition for explaining 
the Phenomena ariſing from them: An In- 


| ſtance of which Method J gave in the End of 


the firſt Book. In this third Book I have only 
begun the Analyſis of what remains to be dif- 


| cover d about Light and its Effects upon the 
Frame of Nature, hinting ſeveral things about 
| it, and leaving the Hints to be examin'd and 
| improv'd by the farther Experiments and Ob- 
| {ervations of ſuch as are inquiſitive. And if 
natural Philoſophy in all its Parts, by purſuing 

| this Method, ſhall at length be pertected, ihe. 
| Bounds of Moral Philoſophy will be allo enlar- 


ged. For ſo far as we can know by natural 


| Philoſophy what is the firſt Cauſe, what Power 
| he has over us, and what Benefits we receive 
| from him, fo far our Duty towards him, as well 
as that towards one another, will appear to us 
| by the Light of Nature. And no doubt, if the 
| Worfhip of falſe Gods had not blinded the Hea- 
then, their moral Philoſophy would have gone 
| farther than to the four Cardinal Virtues; and 


_ inſtead 
& | 2 


inſtead of teaching the Tranſmigration of Souls, 
and to worſhip the Sun and Moon, and dead 
Heroes, they would have taught us to worſhip 
our true Author and Benefactor, as their An. 
ceſtors did under the Government of Noah an 
his Sons before they corrupted themſelves. 
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